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Harris Semiconductor is a pioneer in developing and producing advanced CMOS 
microprocessor products for the most demanding commercial and military applica- 
tions in this world -- and beyond. Microprocessors include the world’s fastest 80C286 
microprocessor at 25MHz, along with the 80C86 and 80C88 microprocessors. These 
are complemented with a full line of CMOS peripherals, data communication circuits, 
and memory products. Additionally, the CDP1800-series microprocessor product line 
is available with its associated peripheral and memory devices. The heart of this 
series is the CDP1802A central processing unit (CPU) for use as a general-purpose 
computing or control element in a wide range of stored-program systems or prod- 
ucts. Enhanced versions of the CDP1802A are available which incorporate addi- 
tional on-chip features. 


This databook fully describes Harris Semiconductor's line of CMOS microprocessor 
products. It includes a complete set of data sheets for product specifications, appli- 
cation notes with design details for specific applications of Harris products, and a 
description of the Harris quality and high reliability program. 


Other Harris Semiconductor advanced digital product lines include the CDP6805 
Microcontroller family and a brand new line of Digital Signal Processing (DSP) prod- 
ucts. Both families are fully covered in their respective databooks available from the 
nearest Harris sales, representative, or distributor office; or from our literature 
department (see previous page). 


Harris Semiconductor products are sold by description only. All specifications in this product 
guide are applicable only to packaged products; specifications for die are available upon 
request. Harris reserves the right to make changes in circuit design, specifications and other 
information at any time without prior notice. Accordingly, the reader is cautioned to verify that 
information in this publication is current before placing orders. Reference to products of other 
manufacturers are solely for convenience of comparison and do not imply total equivalency of 
design, performance, or otherwise. 
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PROGRAMS 


Military Grade Product Offerings 


Harris High Reliability Products are offered in the following 
Military grades: 


e JAN (Joint Army Navy) 


Registered trademark of the U.S. Government indicating that 
a device is fully compliant to MIL-M-38510. The Defense 
Electronics Supply Center (DESC) maintains a continuing 
audit of manufactur-ing compliance. There are two product 
assurance classes available for M38510 products (Class S 
and B). Devices are defined and identified by their particular 
detail specification or “slash sheet” number issued by DESC 
(e.g. M38510/29104BJX). The IC manufacturers who are 
qualified to supply products to a particular M38510 slash 
sheet are identified in the Qualified Products List (QPL) 
issued by DESC. 


e SMD (Standard Military Drawing) 


The SMD evolved from the DESC drawing program which 
was viewed as a preliminary specification prior to JAN 
approval. SMDs were created to control the proliferation of 
non-standard Source Control Drawings. The Standard 
Military Drawing provides standardized MIL-STD-883 
processing in conjunction with non-JAN devices as specified 
in paragraph 1.2.1 of MIL-STD-883. These devices are 
defined and identified by their Standard Military Drawing 
number issued by DESC (eg. 5962-8757701RA). The 
manufacturers qualified to supply a particular SMD device 
are listed in the back of the individual Standard Military 
Drawing. 


¢ Harris Class B Compliant 


These devices are fully compliant to MIL-STD-883, Class B 
and are identified by the /883 suffix on the Harris part 
number. The parametric limits for an /883 data sheet are 
controlled by the manufacturer rather than a governmental 
agency, and therefore, there may be differences in the test 
methodology and actual limits for “similar” devices made by 
different manufacturers. 


This manufacturer control of the /883 specifications allows 
the offering of 883-level products long before they might 
become available as MIL-M-38510 or SMD devices. In many 
cases, Harris actually specifies /883 devices with more 


stringent conditions than those appearing on the MIL-M- 
38510 slash sheet or SMD describing the same generic 
device. Harris recommends using our /883 data sheets as 
the baseline for new military or aerospace source control 
drawings. 


e Harris Class B “Equivalent” 


These devices are processed and tested in a manner 
equivalent to the MIL-STD-883 compliant devices. They may 
not be classified as compliant since government standards 
have not been established for processing these types of 
components (e.g. Ram Modules). The Class B “Equivalent” 
products can be identified by the -8, /B, or /3 suffix on the 
Harris part number. 


Non-Standard Product Offerings 


Harris understands the need for customer generated Source 
Control Drawings with non-standard parameter and/or 
screening requirements. A Customer Engineering Depart- 
ment is responsible for efficiently expediting the SCDs 
through a comprehensive review process. Our Customer 
Engineering Group compares the SCD to its closest 
equivalent product grade and works closely with the Product 
Engineer, Manufacturing Engineer, Design Engineer, or 
applicable individual to compare Harris’ screening ability 
against the customer’s non-standard requirement(s). For 
products processed to non-standard requirements, a unique 
part number suffix is assigned. 


Harris shares the military's objective to utilize standards 
wherever possible. We recommend using our /883 data 
sheets as guidelines for generating new Source Control 
Drawings. In instances where an_ available military 
specification or Harris /883 data sheet is inappropriate, it is 
Harris’ sincerest wish to work closely with the customer in 
establishing an acceptable procurement document. For this 
reason, the customer is requested to contact the nearest 
Harris Sales Office or Representative before finalizing the 
Source Control Drawing. Harris looks forward to working 
with the customer prior to implementation of the formal 
drawing so that both parties may create a mutually accept- 
able procurement document. 
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MILITARY 
PROGRAMS 


—— Harris JAN-SMD-/883 Part Number Listing 


MICROPROCESSOR PRODUCTS 
MG80C286-12 
MG80C286-10 
MDB0C86 
MR80C86 

| MD80C86-2 
MR80C86-2 
MD80C88 
MR80C88 
MD82C237 
MR82C237 
MD82C237-12 
MR82C237-12 
MD82C284-10 
MD82C284-12 
MD82C37A__ 
MR82C37A 
MD82C37A-12 
MR82C37A-12 
MD82C37A-5 
MR82C37A-5 
MD82C52 
MR82C52 
MD82C54 
MR82C54 
MD82C55A 
MR82C55A__ 
MD82C55A-5 
MR82C55A-5 
MD82C59A 
MR82C59A 
MD82C59A-5 
MR82C59A-5 
MD82C82 
MR82C82 
MD82C83H 
MR82C83H 


MD82C84A 


Pending 
Pending 

84052010A 
8405201XA 
84052020A 
8405202XA 
5962-86016010A 
5962-8601601XA 
Pending 


MG80C286-12/883 
MG80C286-10/883 


Pending 


Pending 


Pending 
MD82C284-10/883 
| MD82C284-12/883 


Pending 
| Pending 


| Pending 
Pending 


Pending 
Pending 
8501501XA 
85015013A 
B406501JA 
84065013A 
020A 
8406602XA 
84066010A 
8406601XA 
5962-8501602VA 
5962-85016023A 
5962-8501601YA 
5962-85016013A 
8406701RA 
84067012A 
8406702RA 
84067022 
8406801VA 


ull 


Harris JAN-SMD-/883 Part Number Listing 


HARRIS PART # JAN PART # 
MICROPROCESSOR PRODUCTS (Continued) 
MR82C84A 
MD82C86H-5 
MR82C86H-5 
MD82C87H-5 
MR82C87H-5 
MD82C88 
MR82C88 
MD82C89 
MR82C89 
DATA COMMUNICATION PRODUCTS 


SMD/DESC PART # /883 PART # 


84068012A 
5962-8757701RA 
5962-87577012A 
5962-8757702RA 
5962-87577022A 
8406901RA 

84069012A 

5962-8552801RA 
5962-85528012A 


7802901JA 
HD4-15530 78029013A 
HD1-15531/883 
HD1-15531B/883 
HD1-4702/883 
HD1-6402B/883 
HD1-6402R/883 
HD1-6409/883 


HD4-6409/883 


HD1-4702 

HD1-6402B 

HD1-6402R 

HD1-6409 

HD4-6409 

HS1-3182 

HS4-3182 

HS1-3282 

HS4-3282 

CMOS MEMORY PRODUCTS 
1K CMOS STATIC RAMs 
HM1-6508 

HM1-6508B 

HM1-6518 

HM1-6518B 

HM1-6551 

HM1-6551B 

HM1-6561 

HM1-6561B 

4K CMOS STATIC RAMs 


Pending 
5962-9052502MQA 
5962-9052501MQA 


Pending 
Pending 
5962-8688001QA 
5962-8688001XA 


HM1-6508/883 
HM1-6508B/883 
HM1-6518/883 
HM1-6518B/883 
HM1-6551/883 
HM1-6551B/883 
HM1-6561/883 
HM1-6561B/883 


8102405VA 
8102403VA 
8102401VA 


HM1-6504/883 
HM1-6504B/883 
HM1-6504S/883 


HM1-6504B 
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Harris JAN-SMD-/883 Part Number Listing 


HARRIS PART # SMD/DESC PART # 
8102406VA 
8102404VA 


8102402VA 


JAN PART # /883 PART # 
HM1-6514/883 
HM1-6514B/883 


HM1-6514S/883 


HM1-6514B 
. M385 10/24502BVA 
16K CMOS SYNCHRONOUS STATIC RAMs 

| M38510/29102BJA 
M385 10/29102BXA 


HM1-6516/883 
HM4-6516/883 
HM1-65165/883 
HM4-6516B/883 


8403601 JA 
8403601ZA 
8403607JA 
8403607ZA 


HM4-6516 
HM1-6516B 
HM4-6516B 
16K CMOS ASYNCHRONOUS STATIC RAMs 

M385 10/29104BJA 
HM4-65162 M385 10/29104BXA 
HM1-65162B | M38510/291 10BJA 
HM4-65162B M385 10/291 10BXA 
HM1-65162C 
HM4-65162C 


8403602JA 
8403602ZA 
8403606JA 
8403606ZA 


HM1-65162/883 
HM4-65162/883 
HM1-65162B/883 
HM4-651625/883 
B403603JA HM1-65162C/883 
8403603ZA HM4-65162C/883 
8413201RA | HM1-65262/883 
8413201YA HM4-65262/883 
8413203RA HM1-65262B/883 
8413203YA HM4-65262B/883 


M38510/29103BRA 
HM4-65262 | M38510/29103BYA 
HM1-65262B M38510/29109BRA 
HM4-65262B M38510/29109BYA 
64K CMOS STATIC RAMs 


B552514XA | HIM1-65642/883 
8552514YA HM4-65642/883 
HM1-65642B/883 
HM4-65642B/883 
HM1-65642C/883 


HM4-65642C/883 


HM4-65642 
HM1-65642B 
HM4-65642B 
HM1-65642C 
HM4-65642C 
CMOS FUSE LINK PROMs 
HM1-6617 
HM4-6617 
HM6-6617 
HM1-6617B 
HM4-6617B 
HM6-6617B 


M385 10/29205BXA 
M385 10/29205BYA 


5962-8954001JA 
5962-8954001XA 
5962-8954001LA 
5962-8954002JA 
5962-8954002XA 
5962-8954002LA 
5962-8869001JA 
5962-88690013A 
5962-8869001LA 
5962-B869002JA 
5962-88690023A 
5962-8869002LA 


HM1-6617/883 

| HM4-6617/883 
HM6-6617/883 
HM1-66178/883 
HM4-6617B/883 
HM6-6617B/883 
HM1-6642/883 
HM4-6642/883 
HM6-6642/883 
HM1-66428/883 


HM4-6642B/883 
HM6-6642B/883 


HM4-6642 
HM6-6642 
HM1-6642B 
HM4-6642B 
HM6-6642B 
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Harris JAN-SMD-/883 Part Number Listing 


CMOS STATIC RAM MODULES 


t 


Harris CMOS Static RAM Modules are available for military and high reliability applications processed 
to our high-rel DASH 8 program flow. This includes burn-in and value added processing (temperature 


HMS-8808 cycling, SEM inspection, etc.). Please contact your local Harris sales office or representative for details 


HM5-8808B 
HM5-8808S 
HM5-8808A 
HM5-8808AB 
HM5-8808AS 
HM5-8816H 
HM5-8816HB 
HM5-8832 
HM5-8832B 
HM5-91M2 
HM5-91M2B 


MILITARY 
PROGRAMS 


HM5-92570 


Military Product Program Controls 


[883 
REFERENCE | /B,-8, /3 


SYSTEM CONTROLS 


Product Assurance Per Appendix A of MIL M38510 Per Harris R&QA 
Plan | Manual 


Product Certification 1 4.2.1.8.26 | RADC/DESC RADC/DESC Not Required 


Detail Specifications fae: Slash Sheet DESC DWG/SMD | Harris /883 Data Harris Catalog 
Sheet 


Qualification TestGPC | 1.2.1.B.17 Required Per Governing Per Governing Per Harris Spec 
Military Spec Military Spec 


Change Controls MIL M38510 DoD 480 DoD 480 Harris Internal ECN 
paragraph 3.4.2 | Controls 


Qualification TestGPD | 1.2.1.B.17 Required Per Governing Per Governing Per Harris Spec 
Military Spec Military Spec | 
Change Notification DESC DESC Data Sheet | Catalog 
Registration | | 


Traceability 1.2.1.B.27 Wafer Lot | 6 Week Seal 6 Week Seal 6 Week Seal 


Deviations to 883 Per Slash Sheet Per DESC DWG/ | | Per Harris Spec 
SMD : 
Product Construction Compliant Compliant Compliant May Be Non- 
| Compliant 


LOCATIONS | : 


NOTE: -8 is available in support of programs with part requirements dated prior to Dec. 31, 1984 in accordance with paragraph 1.2. of 
MIL-STD-883 or where 883 is not currently available. 
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Programs Served By Harris 


Tube-Launched, Optically Tracked, Wire-Guided Missile Field Support Tracked Vehicle 

Angle Rate Bombing Set Integrated Solar Sensor Assembly 

Advanced Medium Range Air-To-Air Missile Continuous Motion Gyro for ISSA 

Advanced Capability (MK-48 Torpedo) Advanced Warning and Control System 

Position Location and Reporting System Forward Looking Infrared 

Joint Tactical Information Distribution System Ring Laser Gyro Programs 

Target Acquisition System (MK-23) Tail Warning System 

Miniature Vehicle Sensors Space Telescope 

Driver’s Thermal Viewer Mariner Series 

Detecting and Ranging Set MK 46 NEARTIP 

Fighting Vehicle System (Bradley) AV8B HARRIER 

Helicopter (or Hughes) Night Vision System F14/A6E SMS 

Advanced Optic Adjunct Bearclaw S YQ 
Advanced Light Weight Torpedo CAINS Il = <t 
Ground Launched Cruise Missile TAI/MK6 5 5 
Air Launched Cruise Missile Bt = x 
Medium Range Air-To-Surface Missile F-16 

Modular Universal Laser Equipment Phalanx 

Low Altitude Navigation and Targeting Infrared Stinger 

Anti-Submarine Warfare Locust 

Multiple Launch Rocket System Sidearm 

Advanced Self Protection Jammer Rattler 

Global Positioning System Pavetack 

Distant Early Warning Viking 

High Speed Anti-Radar Missile Skylab 

Rolling Airframe Missile Shuttle 

Medium Depth Mine Intelsat 

Terminal Guidance Small Missile Spacelab 

Time Division Multiple Access Voyager 

Distributed Time Division Multiple Access Mark 50 

Long Range Search and Track Captor 

Glide Bomb Unit Maverick 


Divisional Air Defense 


Phoenix 
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CMOS MICROPROCESSOR PRODUCTS 
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CMOS Microprocessor Products 


Comparison of Harris CMOS CDP1800-Series Microprocessors 


CDP1802A 
| CDP1802AC CDP1802BC CDP1805AC CDP1806AC 


On-Chip RAM (Bytes) 


Maximum Clock Frequency (MHz) 


Instruction Time Min./Max. (us) 5/7.5 3.2/4.8 3.2/16 3.2/16 


Timer/Counter Bits 


Prescalers 


Bus Structure Multiplexed Address Lines 


Yes Yes Yes 


Latched I/O Lines Off-Chip 


Maximum Operating -55°C to +125°C 

Temperature Range (°C) 

Number of Pins, Package 40D,E 40D,E 40D,E 40D,E 
44Q 44Q 44Q © 44Q 


Industry CMOS Microprocessor Cross Reference 


8-BIT MICROPROCESSOR 


oe 
a 


16-BIT MICROPROCESSOR 


80C86 B0C86 _ | wPD70116D-5 MSMBO0CB6A P| 
80C86-2 g0Ca6-2 . | wPD70116D-8 MSMB0CBGA-2 i ee 


80C286-10 80286-10 P “— 80286-10 | 
BOC2BE-10 , : 
Ea ae 


80286-12 
‘B0C286- 12 
80C286-16 80286-16 
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M HARRIS CDP1802A,CDP1802AC, 
CDP1802BC 


January 1992 CMOS 8 Bit Microprocessors 
Features Description 
e¢ Input Clock Maximum Frequency Options: The CDP 1802 family of CMOS microprocessors are 8-bit reg- 


ister oriented central processing units (CPUs) designed for 
use as general purpose computing or control elements in a 
wide range of stored program systems or products. 


Maximum @ 
Vop = 5V Vpp = IOV 
CDP1802A, AC 3.2MHz 6.4MHz 


CDP1802BC 5.0MHz The CDP1802 types include all of the circuits required for 

fetching, interpreting, and executing instructions which have 

¢ Minimum Instruction Fetch-Execute Times been stored in standard types of memories. Extensive input/ 

(@ Vpp = 5V): output (I/O) control features are also provided to facilitate 
CDP1802A, AC .........-0..0e0- 5.0us System design. 

CDP1802BC..........ccccccccee 3.2us The 1800 series architecture is designed with emphasis on 


the total microcomputer system as an integral entity so that 


¢ Any Combination of Standard RAM and ROM Up to systems having maximum flexibility and minimum cost can be 
65,536 Byte realized. The 1800 series CPU also provides a synchronous 


interface to memories and external! controllers for 1/O devices, 


¢ 8-bit Parallel Organization With Bidirectional Data Bus and minimizes the cost of interface controllers. Further, the I/O dj 2 
and Multiplexed Address Bus interface is capable of supporting devices operating in polled, or & 
interrupt driven, or direct memory access modes. On 
¢ 16 x 16 Matrix of Registers for Use as Multiple = WV 
Program Counters, Data Pointers, or Data Registers The CDP1802A and CDP1802AC have a maximum input nO 
clock frequency of 3.2MHz at Vpp = 5 volts. The CDP 1802A O06 
¢ On-Chip DMA, Interrupt, and Flag Inputs and CDP1802AC are functionally identical. They differ in that a x 
; : the CDP1802A has a recommended operating voltage range 
¢ Programmable Single-Bit Output Port of 4 to 10.5 volts, and the CDP1802AC a recommended 


operating voltage range of 4 to 6.5 volts. 


The CDP1802BC is a higher speed version of the 
CDP1802AC, having a maximum input clock frequency of 
5.0MHz at Vpp = 5 volt, and a recommended operating 
voltage range of 4 to 6.5 volts. 


¢ 91 Easy-to-Use Instructions 


All types are supplied in 40-lead Dual-in-Line Sidebrazed 
Ceramic Packages (D suffix), 40-lead Dual-In-Line Plastic 
Packages (E suffix), and 44-lead Plastic Chip-Carrier (PLCC) 
Packages (Q suffix). The CDP1802AC is also available in 
Chip Form (H suffix). 


Ordering Information 


Piast OP 40°00 +05°0 
Ceramic DIP -40°C to +85°C CDP1802BCD 
COPTa02BCDX 


“Respective specifications are included at the end of this data sheet. 


Burn-in 


*883B 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. . File Number 1 305.1 
Copyright © Harris Corporation 1992 3.3 


Pinouts 


40 LEAD PLASTIC DiP (PACKAGE TYPE E) 
40 LEAD SIDEBRAZED CERAMIC DIP (PACKAGE TYPE D) 
TOP VIEW 


CDP1852 
INPUT PORT 


CDP1802A, CDP1802AC, CDP1802BC 


ADDRESS BUS 


CDP1802 


8-BIT CPU 


(PACKAGE TYPE Q) 
TOP VIEW 
Vop 
XTAL se 
DMAIN EIS 
DMA OUT So 2 (9 Ic 
DMA OUT <r 8 Z ie fe fu 
5) “lg¢ So Six islet 
INTERRUPT @® OGIOlS O 2 > ix Id [6 I 
Wwa alalalaiaiatalaialese 
6 5 4 3 2 1 44 43 42 41 40 
TPA - 
= sco] 7 
mr MAD [J 8 
: Bus 7[] 9 
pimee Bus 6 [] 10 
MAS pus 5] 11 
MA4 Nc [-] 12 
MA3 pus 4[[] 13 
MA2 BUS 3 |_] 14 
MAI Bus 2 [7] 15 
re Bus 1[] 16 
ee Bus 0] 17 
EFI 
EF2 
_ TOUDOOOOOoOo 
On wr FO VHOYUIWIOIN ire So 
ane S222 S25 IEIE g 


FIGURE 1. TYPICAL CDP1802 SMALL MICROPROCESSOR SYSTEM 


44 LEAD PLASTIC CHIP CARRIER (PLCC) 


Specifications CDP1802A, CDP1802AC, CDP1802BC 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor | 

(All Voltages Referenced to Vss Terminal) T, = Full Package Temperature Range ............... 100mW 

COP 1BO2 Aid chu inee erawene rs awe Sew ee eae -0.5V to+11V Operating Temperature Range (T,) 

CDP1802AC, CDP1802BC................005- -0.5V to +7V (Package Type D............ 2. eee eee eee -55°C to +125°C 
Input Voltage Range, Allinputs .............. -0.5V to Vopp +0.5V (Package Type EandQ................0088- -40°C to +65°C 
DC Input Current, any One Input......................0.. +10mA Storage Temperature Range (Tag) ......--.---- -65°C to +150°C 
Power Dissipation Per Package (Pp) Lead Temperature (During Soldering): 

Ta = ~40 to +60°C (Package Type E)..............0.. 500mW At distance 1/16 +1/32 In. (1.59 + 0.79mm) from case for 10s 

T, = +60 to +85°C (Package Type E)........ Derate Linearly at MAK chiara OL ete ke Geena wear ee ees +265°C 

12mWP/C to 200mMW __ “Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick 

Ta = -55 to +100°C (Package Type D) .............. 500mW_ G10 epoxy glass, or equivalent 

Ts = +100 to +125°C (Package Type D)...... Derate Linearly at 

12mWPC to 200mW 
Ta = -40°C to +85°C (Package Type Q)*.............. 500mWw 


Recommended Operating Conditions T, = -40°C to +85°C. For maximum reliability, operating conditions should be 
selected so that operation is always within the following ranges: 


tg CDP1802A CDP1802AC CDP1802BC 


4 to 6.5 


CHARACTERISTIC UNITS 


DC Operating Voltage Range 


Input Voltage Range 


< 
~) 


= 


< 
s) 
o 
< 
on) 
2) 
< 
9 
o 
< 
” 
7) 


D 


Maximum Clock Input Rise or 
Fail Time 


4 to 6.5 
4 to 10.5 


Minimum Instruction Time 2 


Maximum DMA Transfer Rate 


Maximum Clock Input Frequency, 
fo, Load Capacitance 
(C,) = 50pF 


s; 
) 
Oo 
© 


Oo 
Q 


2; 
© 


< 
> 
Bo 


1) 


fos] > 


NOTES: 


1. Voc must never exceed Vop. 


2. Equals 2 machine cycles - one Fetch and one Execute operation 
for all instructions except Long Branch and Long Skip, which re- 
quire 3 machine cycles - one Fetch and two Execute operations. 
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CMOS MICRO- 
PROCESSORS 


Specifications CDP1802A, CDP1802AC, CDP1802BC 


Static Electrical Characteristics at T, = -40°C to +85°C, Except as Noted 


CONDITIONS LIMITS 


| CDP1802AC, 
CDP1802A CDP1802BC 


a 
=4 
” 


Voce: 
Vout Vpp | 
cuaractenssnc | srupot | ‘5" | van | GP [wm | rer | wax | ' 
| | 1 


Quiescent Device Current 


Output Low Drive (Sink) 
Current 
(Except XTAL) 


0 


o-N 


Output High Drive (Source) 


: woody 
S x 
I oO 


(=) 
—_ 
Oo 
— 
=) 
—_, 
‘ 


Current 
(Except XTAL) 


© 
NO 
| 


is 
fea | 
ae 
350 
cal 


Output Voltage 
Output Voltage 


Oo 
_ 
© 


~ 
p-S 
oO 
(=) 
mre 
© 


V, 
V, 


‘ 0.5, 4.5 
0.5, 4.5 


OL 
OH 
Vi 
Vi 
Vu 


CLEAR Input Voltage 


Schmitt Hysteresis 


~- 
© 
So 
o ] 
6 
ol 


OBE Hebe BPP PP 


Input Leakage Current 


_ 
© 


=|2] | 2 
al & e 


53 
33 


3-State Output Leakage 


Ht 
=k 
Oo 
& 
I+ 
—_ 


10 


mh 


A 
| 
0, 


+ 
_k 
Oo 
bd 
— 


Current lout 


+ 
wok 
So 
& 
+ 
oa 


Operating Current 


CDP1802A, AC 
@ f=3.2MHz 


> 


CDP1802BC 
@ f = 5.0MHz 


Minimum Data Retention Vor 
Voltage 
Cin 


Vop = Vor 


Data Retention Current 
Input Capacitance 
Output Capacitance Cout 


*Typical values are for T, = +25°C and nominal Vpp. 


Vpp = 2.4V 


oa 
cS 


o 


=| ~ nm 
or a 


**Idle “00” at M(0000), C, = 50pF. 
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CDP1802A, CDP1802AC, CDP1802BC 


Performance Curves 
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SYSTEM MAXIMUM CLOCK FREQUENCY (fc, )-- MHz 


4 ra 
tty + + 
4+ a+ 
Ht t+4 "7 ae 
ae - a 
t le 
ble ; 4 rf 


ry 5 85 25 


5 55 65 75 85 95 105 015 = 125 


AMBIENT TEMPERATURE, (Te AMBIENT TEMPERATURE (T, )— °C 
FIGURE 2. CDP1802A, AC TYPICAL MAXIMUM CLOCK FIGURE 3. CDP1802BC TYPICAL MAXIMUM CLOCK 
FREQUENCY AS A FUNCTION OF FREQUENCY A A FUNCTION OF 
TEMPERATURE TEMPERATURE. 


sHoitegtat DRAIN -TO- SouncE E VOLTAGE IVpsI- V : 
cH HHH rr “10 =-9 -8 -7 -2 -| e re) o 
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a O 
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reed i re =i 
= H Ue ae 2 ” © 
. iH AT re HEATH 29 
e Pe EEL TETEH Sc 
: Hal AD TTT EES” 8 mio 
8 va af FF awaien TEMPERATURE: ~40 TO +85°C HEEFEEELEE © 
F 2 ii “| Ht 4 He 8 
BB re ages elite eerreenett ttt | “ATTAIN” 
i ee seaee-- = : ! Ht iit : 
SEE EER ie Noone ial tH LEE GRE 2 
0 25 as 75 100 125 eee aU H H t-+-1 | edeeaee 3 
Loa npacrane 6.) HHUTTTPELAEHTRTUEU ERA aneeeedeeetaseeeeeteal 
FIGURE 4. TYPICAL TRANSITION TIME vs LOAD FIGURE 5. CDP1802A, AC MINIMUM OUTPUT HIGH 
CAPACITANCE FOR ALL TYPES (SOURCE) CURRENT CHARACTERISTICS 
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FIGURE 6. CDP1802A, AC MINIMUM OUTPUT LOW (SINK) FIGURE 7. CDP1802BC MINIMUM OUTPUT HIGH (SOURCE) | 
CURRENT CHARACTERISTICS CURRENT CHARACTERISTICS | 
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CDP1802A, CDP1802AC, CDP1802BC 


Performance Curves (Continued) 


COO Bl ee he eee i 
rl tox AMBIENT TEMPERATURE MTale 25° Cc aod = 
++-+ al REE ° , rat 

~ - - _ ‘ 


z See GATE-TO-SOURCE VOLTAGE asi svt 
54 
5 a 


< 
€ 
yl 
i 
z 
uJ 
i 
« 
> 
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. 
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NOTES: 
IOLE= "oa" AT M(O0000) 
BRANCH +" 3707°AT M (8107) 


CLOCK INPUT FREQUENCY ( fcy)— MHz 


FIGURE 8. CDP1802BC MINIMUM OUTPUT LOW (SINK) FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION 
CURRENT CHARACTERISTICS OF CLOCK FREQUENCY FOR BRANCH 
INSTRUCTION AND IDLE INSTRUCTION 
FOR ALL TYPES 


Te 
i fae 
a HEE 
AES 
LE AU 
a ud ee 
em 


eat 
ee ee 


a 

ili 
nit 
(ae 


B PROPAGATION DELAY TIME (AtpLH, Stpy_)— ns 


4 
: gues 
ee ett Se Hatt HLTH HEE 
aT a i d 
SPEC 50 oo 150 200 


WALUE pf  QLOAD CAPACITANCE (AC, )—— pF NOTE. ANY OUTPUT 
EXCEPT XTAL 


FIGURE 10. TYPICAL CHANGE IN PROPAGATION DELAY AS A FUNCTION OF A 
CHANGE IN LOAD CAPACITANCE FOR ALL TYPES 


3-8 


CDP1802A, CDP1802AC, CDP1802BC 


170 REQUESTS 
MEMORY ADDRESS LINES 1/0 FLAGS 


CLOCK 

XTAL 

CONTROL AND Serf eobes 
scl 

TIMING LOGIC 


TO INSTRUCTION 
DECODE 


I/0 
COMMANDOS 


8-BIT BIDIRECTIONAL DATA BUS 


CMOS MICRO- 
PROCESSORS 


FIGURE 11. CDP1802A BLOCK DIAGRAM 


eo ee FETCH (READ) a ge ee a EXECUTE (WRITE ) ra ee 


CLOCK OOJOI J IOF 11 FLOP 21 SOF 31 140; 411507 51 160) 61770] 7HOOT OI TIO] ti [20] 21 [308 31 41 [50] 51 [60] 6170] 71 


ADDRESS Hi BYTE LOW BYTE HI BYTE LOW BYTE 


MWR | | 
DATA VALID INPUT DATA VALID OUTPUT DATA 


FIGURE 12. BASIC DC TIMING WAVEFORMS, ONE INSTRUCTION CYCLE 
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CDP1802A, CDP1802AC, CDP1802BC 


Signal Descriptions 
Bus 0 to Bus 7 (Data Bus): 


8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 


NO to N2 (l/O Control Lines): 


Activated by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and I/O interface. These 
lines can be used to issue command codes or device selec- 
tion codes to the I/O devices (independently or combined 
with the memory byte on the data bus when an 1/O instruc- 
tion is being executed). The N bits are low at all times except 
when an I/O instruction is being executed. During this time 
their state is the same as the corresponding bits in the N 
register. 


The direction of data flow is defined in the I/O instruction by 
bit N3 (internally) and is indicated by the level of the MRD 
signal. 


MRD = Vcc: Data from 1/0 to CPU and Memory 
MRD = Vgg: Data from Memory to I/O 
EF1 to EF4 (4 Flags): 


These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to “call the attention” of the processor, in which 
case the program must routinely test the status of these 
flag(s). The flag(s) are sampled at the beginning of every S1 
cycle. 


INTERRUPT, DMA-IN, DMA-OUT (3 VO Requests) 


These inputs are sampled by the CPU during the interval 
between the leading edge of TPB and the leading edge of 
TPA. 


Interrupt Action: X and P are stored in T after executing 
Current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to 0 (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (S3). 


DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and increment R(0). 


NOTE: In the event of concurrent DMA and Interrupt requests, 
DMA-IN has priority followed by DMA-OUT and then Interrupt. 


SCO, SC1, (2 State Code Lines): 


These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid 
at TPA. H = Voc, L = Vgs. 


STATE CODE LINES 


STATE TYPE 


TPA, TPB (2 Timing Pulses): 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is sup- 
pressed in IDLE when the CPU is in the load mode. 


MAO to MA7 (8 Memory Address Lines): 


In each cycle, the higher-order byte of a 16-bit CPU memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low 
order byte of the 16-bit address appears on the address 
lines after the termination of TPA. Latching of all 8 higher- 
order address bits would permit a memory system of 64K 
bytes. 


MWR (Write Pulse): 


A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 


MRD (Read Level): 


A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed mem- 
ory which may have a common data input and output bus. If 
a memory does not have a three-state high-impedance out- 
put, MRD is useful for driving memory/bus separator gates. It 
is also used to indicate the direction of data transfer during 
an I/O instruction. For additional information see Table 1. 


Q: 


Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction exe- 
cution, Q is set or reset between the trailing edge of TPA and 
the leading edge of TPB. 


CLOCK: 


Input for externally generated single-phase clock. The clock 
is counted down internally to 8 clock pulses per machine 
cycle. 


XTAL: 


Connection to be used with clock input terminal, for an exter- 
nal crystal, if the on-chip oscillator is utilized. The crystal is 
connected between terminals 1 and 39 (CLOCK and XTAL) 
in parallel with a resistance (10 megohms typ.). Frequency 
trimming capacitors may be required at terminals 1 and 39. 
For additional information, see ICAN-6565. 
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WAIT, CLEAR (2 Control Lines): 


Provide four control modes as listed in the following truth 
table: 


Vpp Vss» Vec (Power Levels): 


The internal voltage supply Vpp is isolated from the Input/ 
Output voltage supply Vcc so that the processor may oper- 
ate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. Vcc must be less than or 
equal to Vpp All outputs swing from Vgs to Voc. The recom- 
mended input voltage swing is Vgg to Vcc. 


Architecture 


The CPU block diagram is shown in Figure 11. The principal 
feature of this system is a register array (R) consisting of 
sixteen 16 bit scratchpad registers. Individual registers in the 
array (R) are designated (selected) by a 4 bit binary code 
from one of the 4 bit registers labeled N, P, and X. The 
contents of any register can be directed to any one of the 
following three paths: 


1. The external memory (multiplexed, higher-order byte 
first, on to 8 memory address lines) 


2. The D register (either of the two bytes can be gated to D) 


3. The increment/decrement circuit where it is increased or 
decreased by one and stored back in the selected 16 bit 
register 


The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in the 
same machine cycle. 


With two exceptions, CPU instruction consists of two 8-clock- 
pulse machine cycles. The first cycle is the fetch cycle, and 
the second - and third if necessary - are execute cycles. 
During the fetch cycle the four bits in the P designator select 
one of the 16 registers R(P) as the current program counter. 
The selected register R(P) contains the address of the 
memory location form which the instruction is to be fetched. 
When the instruction is read out from the memory, the higher 
order 4 bits of the instruction byte are loaded into the | register 
and the lower order 4 bits into the N register. The content of 
the program counter is automatically incremented by one so 
that R(P) is now “pointing” to the next byte in the memory. 


The X designator selects one of the 16 register R(X) to 
“point” to the memory for an operand (or data) in certain ALU 
or I/O operations. 


The N designator can perform the following five functions 
depending on the type of instruction fetched: 


1. Designate one of the 16 registers in R to be acted upon : 


during register operations 


2. Indicate to the I/O devices a command code or device 
selection code for peripherals 


3. Indicate the specific operation to be executed during the 
ALU instructions, types of test to be performed during the 
Branch instruction, or the specific operation required in a 
class of miscellaneous instructions (70-73 and 78-7B). 


4. Indicate the value to be loaded into P to designate a new 
register to be used as the program counter R(P) 


5. Indicate the value to be loaded into X to designate a new 
register to be used as data pointer R(X) 


The registers in R can be assigned by a programmer in three 
different ways: as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 


Program Counters 


Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By single instruction the contents of the P register can be 
changed to effect a “call” to a subroutine. When interrupts 
are being serviced, register R(1) is used as the program 
counter for the user’s interrupt servicing routine. After reset, 
and during a DMA operation, R(0) is used as the program 
counter. At all other times the register designated as 
program counter is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 1). 


1. ALU operations F1-F5, F7, 74, 75, 77 

2. Output instructions 61 through 67 

3. Input instructions 69 through 6F 

4. Certain miscellaneous instructions - 70-73, 78, 60, FO 


The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory’ instructions ON and 4N and the 
“Store D” instruction 5N. The register designated by P (i.e., 
the program counter) is used as the data pointer for ALU 
instructions F8-FD, FF, 7C, 7D, 7F. During these instruction 
executions, the operation is referred to as “data immediate”. 


Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine cycle 
is “stolen”. This operation occurs at the end of the execute 
machine cycle in the current instruction. Register R(0) is 
always used as the data pointer during the DMA operation. 
The data is read from (DMA-Out) or written into (DMA-In) the 
memory location pointed to by the R(0) register. At the end 
of the transfer, R(O) is incremented by one so that the 
processor is ready to act upon the next DMA byte transfer 
request. This feature in the 1800-series architecture saves a 
substantial amount of logic when fast exchanges of blocks of 
data are required, such as with magnetic discs or during 
CRT-display-refresh cycles. 
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Data Registers 


When registers in R are used to store bytes of data, four 
instructions are provided which allow D to receive from or 
write into either the higher-order or lower-order byte portions 
of the register designated by N. By this mechanism (together 
with loading by data immediate) program pointer and data 
pointer designations are initialized. Also, this technique 
allows scratchpad registers in R to be used to hold general 
data. By employing increment or decrement instructions, 
such registers may be used as loop counters. 


The Q Flip-Flop 


An internal flip-flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch instructions. The output 
of Q is also available as a microprocessor output. 


Interrupt Servicing 


Register R(1) is always used as the program counter 
whenever interrupt servicing is initiated. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current instruction), the contents of the X and P registers 
are stored in the temporary register T, and X and P are set 
to new values; hex digit 2 in X and hex digit 1 in P. Interrupt 
Enable is automatically deactivated to inhibit further 
interrupts. The user’s interrupt routine is now in control; the 
contents of T may be saved by means of a single instruction 
(78) in the memory location pointed to be R(X). At the 
conclusion of the interrupt, the user’s routine may restore 
the pre-interrupted value of X and P with a single instruction 
(70 or 71). The Interrupt Enable flip flop can be activated to 
permit further interrupts or can be disabled to prevent them. 


CPU Register Summary 


ee 
ee 


4 Bits Designates which register is Program | 

Counter 

X 4 Bits Designates which register is Data 
| Pointer 


sits | Holds Low-Order Instruction Digit 
Holds High-Order Instruction Digit 


T 8 Bits Holds old X, P after Interrupt (X is 
high nibble) 


CDP1802 Control Modes 


The WAIT and CLEAR lines provide four control modes as 
listed in the following truth table: 


The function of the modes are defined as follows: 
Load 


Holds the CPU in the IDLE execution state and allows an I/O 
device to load the memory without the need for a “bootstrap” 
loader. It modifies the IDLE condition so that DMA-IN opera- 
tion does not force execution of the next instruction. 


Reset 


Registers I, N, Q are reset, IE is set and 0’s (Vss) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in S1. The first machine cycle 
after termination of reset is an initialization cycle which 
requires 9 clock pulses. During this cycle the CPU remains 
in S1 and register X, P, and R(O) are reset. Interrupt and 
DMA servicing are suppressed during the initialization cycle. 
The next cycle is an SO, S1, or an S2 but never an S3. With 
the use of a 71 instruction followed by 00 at memory loca- 
tions 0000 and 0001, this feature may be used to reset IE, 
So as to preclude interrupts until ready for them. Powerup 
reset can be realized by connecting an RC network directly 
to the CLEAR pin, since it has a Schmitt triggered input, see 
Figure 13. 


CDPi802 


The RC time constant 
should be greater than 
the oscillator start-up time 
(typically 20 ms). 


FIGURE 13. RESET DIAGRAM 
Pause 


Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator contin- 
ues to operate, but subsequent clock transitions are ignored. 


Run 


My be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation on the first 
negative high-to-low transition of the input clock. When initi- 
ated from the Reset operation, the first machine cycle follow- 
ing Reset is always the initialization cycle. The initialization 
cycle is then followed by a DMA (S2) cycle or fetch (SO) from 
location 0000 in memory. 
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Run-Mode State Transitions 


The CPU state transitions when in the RUN and RESET 
modes are shown in Figure 14. Each machine cycle requires 
the same period of time, 8 clock pulses, except the initializa- 
tion cycle, which requires 9 clock pulses. The execution of 
an instruction requires either two or three machine cycles, 
SO followed by a single S1 cycle or two S1 cycles. S2 is the 
response to a DMA request and S3 is the interrupt response. 
Table 2 shows the conditions on Data Bus and Memory- 
Address lines during all machine states. 


Instruction Set 


The CPU instruction summary is given in Table 1. Hexadeci- 
mal notation is used to refer to the 4 bit binary codes. 


In all registers bits are numbered from the least significant 
bit (LSB) to the most significant bit (MSB) starting with 0. 


R(W): Register designated by W, where 
W=NorX, or P 
R(W).0: Lower order byte of R(W) 
R(W).1: Higher order byte of R(W) 
Operation Notation 
M(R(N)) — D; R(N) + 1 — R(N) 


This notation means: The memory byte pointed to by R(N) 
is loaded into D, and R(N) is incremented by 1. 


IDLE*DMAcINT 


FORCE S1 
(LONG BRANCH, 
LONG SKIP, NOP, ETC) 


INTeOMA 


PRIORITY FORCE SO, S1 


INT°DMA 


FIGURE 14. STATE TRANSITION DIAGRAM 


TABLE 1. INSTRUCTION SUMMARY (See Notes at End of Table) 


INSTRUCTION | MNEMONIC | OP CODE OPERATION 


MEMORY REFERENCE 


LOAD VIAN 

LOAD ADVANCE 

LOAD VIA X 

LOAD VIA X AND ADVANCE 
LOAD IMMEDIATE 

STORE VIA N 

STORE VIA X AND DECREMENT 


REGISTER OPERATIONS 


INCREMENT REG N 
DECREMENT REG N 
INCREMENT REG X 
GET LOW REG N 
PUT LOW REG N 
GET HIGH REG N 
PUT HIGH REG N 


LOGIC OPERATIONS* 


M(R(N)) — D; for N not 0 
M(R(N)) > D; R(N) + 1 —>R(N) 
M(R(X)) > D 

M(R(X)) > D; R(X) + 1 > R(X) 
M(R(P)) — D; R(P) + 1 > R(P) 
D —» M(R(N) 

D — M(R(X)); R(X) - 1 > R(X) 


R(N) + 1 — R(N) 
R(N) - 1 > R(N) 
R(X) + 1 — R(X) 
R(N).0 > D 
D — R(N).0 
R(N).1 > D 
D — R(N).1 


OR OR Fi M(R(X)) OR D + D 
OR IMMEDIATE ORI F9 M(R(P)) OR D - D; R(P) + 1 > R(P) 


"The arithmetic operations and the shift instructions are the only 

instructions that can alter the DF. After an add instruction: 
DF = 1 denotes a carry has occurred 
DF = 0 Denotes a carry has not occurred 

After a subtract instruction: 

DF = 1 denotes no borrow. D is a true positive number 
DF = 0 denotes a borrow. D is two’s complement 
The syntax “-(not DF)” denotes the subtraction of the borrow 


**This instruction is associated with more than one mnemonic. Each 
mnemonic is individually listed. 


tAn idle instruction initiates a repeating S1 cycle. The processor will 
continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request is acknowledged, the idle cycle 
is terminated and the I/O request is serviced, and then normal oper- 
ation is resumed. 


3-13 


CMOS MICRO- 
PROCESSORS 


CDP1802A, CDP1802AC, CDP1802BC 


TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table) 


| INSTRUCTION | MNEMONIC | OP CODE OPERATION 
LOGIC OPERATIONS* (Continued) 


EXCLUSIVE OR M(A(X)) XOR D > D 

EXCLUSIVE OR IMMEDIATE M(R(P)) XOR D -> D; R(P) + 1 > R(P) 

AND M(R(X)) AND D > D 

AND IMMEDIATE M(A(P)) AND D > D; R(P) + 1 > R(P) 

SHIFT RIGHT SHIFT D RIGHT, LSB(D) > DF, 0 + MSB(D) 
SHIFT RIGHT WITH CARRY SHIFT D RIGHT, LSB(D) -» DF, DF > MSB(D) 
RING SHIFT RIGHT 

SHIFT LEFT SHIFT D LEFT, MSB(D) —> DF, 0 > LSB(D) 


SHIFT LEFT WITH CARRY SHIFT D LEFT, MSB(D) — DF,DF — LSB(D) 
RING SHIFT LEFT 


ARITHMETIC OPERATIONS* | 


ADD M(R(X)) + D — DF, D 

ADD IMMEDIATE M(R(P)) + D > DF, D; R(P) + 1 — A(P) 
ADD WITH CARRY M(A(X)) + D + DF > DF, D 

ADD WITH CARRY, IMMEDIATE M(R(P)) + D + DF > DF, D,R(P) + 1 > R(P) 
SUBTRACT D M(R(X)) - D > DF, D 

SUBTRACT D IMMEDIATE M(R(P)) - D > DF, D; R(P) + 1 R(P) 
SUBTRACT D WITH BORROW M(R(X)) - D - (Not DF) > DF, D 


SUBTRACT D WITH BORROW, IMMEDIATE M(R(P)) - D - (Not DF) > DF, D; R(P) + 1 > A(P) 

SUBTRACT MEMORY D-M(R(X)) —> DF, D 

SUBTRACT MEMORY IMMEDIATE D-M(R(P)) > DF, D; R(P) + 1 > R(P) 

SUBTRACT MEMORY WITH BORROW D-M(R(X))-(NOT DF) > DF, D 

SUBTRACT MEMORY WITH BORROW, D-M(R(P))-(NOT DF) > DF, D, R(P) + 1 R(P) 
IMMEDIATE 


BRANCH INSTRUCTIONS - SHORT BRANCH 


SHORT BRANCH M(R(P)) — R(P).0 
NO SHORT BRANCH (SEE SKP) R(P) + 1 > A(P) 
SHORT BRANCH IF D = 0 If D = 0, M(R(P)) —> R(P).0, Else R(P) + 1 > R(P) 
SHORT BRANCH IF D NOT 0 If D Not 0, M(R(P)) > R(P).0, Else R(P) + 1 > R(P) 
SHORT BRANCH IF DF = 1 If DF = 1, M(R(P)) > R(P).0, Else R(P) + 1 > R(P) 
SHORT BRANCH IF POS OR ZERO 
SHORT BRANCH IF EQUAL OR GREATER 
SHORT BRANCH IF DF = 0 
SHORT BRANCH IF MINUS 
SHORT BRANCH IF LESS 
SHORT BRANCH IF Q = 1 
SHORT BRANCH IF Q = 0 
SHORT BRANCH IF EF1 = 1 


If DF = 0, M(R(P)) > R(P).0, Else R(P) + 1 — R(P) 


If Q = 1, M(R(P)) > A(P).0, Else R(P) + 1 > A(P) 
If Q = 0, M(R(P)) — R(P).0, Else R(P) + 1 > R(P) 
If EF1 = 1, M(R(P)) > R(P).0, Else R(P) + 1 A(P) 
If EF1 = 0, M(R(P)) > A(P).0, Else R(P) + 1 > R(P) 
If EF2 = 1, M(R(P)) > R(P).0, Else R(P) + 1 — R(P) 
If EF2 = 0, M(R(P)) —> R(P).0, Else R(P) + 1 R(P) 
If EF3 = 1, M(R(P)) > R(P).0, Else R(P) + 1 R(P) 
If EF3 = 0, M(R(P)) > R(P).0, Else R(P) + 1 R(P) 
If EF4 = 1, M(R(P)) > R(P).0, Else R(P) + 1 > A(P) 
If EF4 = 0, M(R(P)) > R(P).0, Else R(P) + 1 R(P) 


LONG BRANCH LBR Co M(R(P)) — A(P).1, M(R(P) + 1) > R(P).0 
NO LONG BRANCH (SEE LSKP) NLBR CB** R(P) = 2 > R(P) 


“The arithmetic operations and the shift instructions are the only ‘**This instruction is associated with more than one mnemonic. Each 


SHORT BRANCH IF EF4 = 1 (EF4 = Vg) 
SHORT BRANCH IF EF4 = 0 (EF4 = Voc) 


instructions that can alter the DF. After an add instruction: mnemonic is individually listed. 
DF = 1 denotes a carry has occurred ee yee on ; ; 
DF = 0 Denotes a carry has not occurred An idle instruction initiates a repeating S1 cycle. The processor will 


continue to idle until an 1/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request is acknowledged, the idle cycle 
is terminated and the I/O request is serviced, and then normal oper- 
ation is resumed. 


After a subtract instruction: 
DF = 1 denotes no borrow. D is a true positive number 
DF = 0 denotes a borrow. D is two’s complement 
The syntax “-(not DF)” denotes the subtraction of the borrow 
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table) 


| INSTRUCTION | MNEMONIC OP CODE OPERATION 
BRANCH INSTRUCTIONS - LONG BRANCH (Continued) 


LONG BRANCH IF D = 0 IF D =0, M(R(P)) — R(P).1, M(R(P) + 1) — R(P).0 
Else R(P) + 2 — R(P) 

IF D Not 0, M(R(P)) > R(P).1, 
M(R(P) + 1) — R(P).0 
Else R(P) + 2 — RiP) 

IF DF = 1, M(R(P)) — R(P).1, M(R(P) + 1) > R(P).0 
Else R(P) + 2 + R(P) 

IF DF = 0, M(R(P)) > R(P).1, M(R(P) + 1) > R(P).0 
Else R(P) + 2 — R(P) 

IF Q= 1, M(R(P)) — R(P).1, M(R(P) + 1) > R(P).0 
Else R(P) + 2 — R(P) 

IF Q =0, M(R(P)) > R(P).1, M(R(P) + 1) > R(P).0 

Else R(P) + 2 — R(P) 


| LONG BRANCH IF D NOT 0 


LONG BRANCH IF DF = 1 


LONG BRANCH IF DF = 0 


LONG BRANCH IF Q = 1 


LONG BRANCH IF Q =0 


SKIP INSTRUCTIONS 


SHORT SKIP (SEE NBR) 
LONG SKIP (SEE NLBR) 
LONG SKIP IF D =0 
LONG SKIP IF D NOT 0 
LONG SKIP IF DF = 1 
LONG SKIP IF DF = 0 
LONG SKIP IF Q=1 
LONG SKIP IF Q=0 
LONG SKIP IF IE = 1 


CONTROL INSTRUCTIONS 
IDLE 


R(P) + 1 —» R(P) 
R(P) + 2 — R(P) 
If D = 0, R(P) + 2 > R(P), Else Continue 

If D Not 0, R(P) + 2 — R(P), Else Continue 
lf DF = 1, R(P) + 2 > R(P), Else Continue 
lf DF = 0, R(P) + 2 + R(P), Else Continue 
lfQ=1, R(P) +2 — R(P), Else Continue 
If Q = 0, R(P) + 2 > R(P), Else Continue 
if IE = 1, R(P) + 2 > R(P), Else Continue 


Wait for DMA or INTERRUPT; M(R(0)) — BUS 


NO OPERATION Continue 
SET P N—P 

SET X N — X 

SET Q 1->Q 
RESET Q 0->Q 
SAVE T > M(R(X)) 


PUSH X, P TO STACK (X, P) > T; (X, P) > M(R(2)) Then P > x; 
R(2) - 1 > R(2) 
RETURN M(R(X)) —> (X, P); R(X) + 1 > R(X), 1 > IE 


DISABLE M(A(X)) — (X, P); R(X) + 1 > R(X), 0 IE 


INPUT-OUTPUT BYTE TRANSFER 


OUTPUT 1 M(R(X)) + BUS; R(X) + 1 > R(X); N LINES = 1 
OUTPUT 2 M(R(X)) — BUS; R(X) + 1 > R(X); N LINES = 2 
OUTPUT 3 M(R(X)) —> BUS; R(X) + 1 — R(X); N LINES =3 
OUTPUT 4 M(R(X)) —» BUS; R(X) + 1 > R(X); N LINES = 4 
OUTPUT 5 M(R(X)) — BUS; R(X) + 1 > R(X); N LINES = 5 
OUTPUT 6 M(R(X)) —> BUS; R(X) + 1 > R(X); N LINES = 6 
OUTPUT 7 M(R(X)) + BUS; R(X) + 1 > R(X); N LINES = 7 
INPUT 1 BUS—> M(R(X)); BUS — D; N LINES = 1 
INPUT 2 BUS— M(R(X)); BUS > D; N LINES = 2 
INPUT 3 BUS-—> M(R(X)); BUS + D; N LINES =3 
INPUT 4 BUS-—> M(R(X)); BUS > D; N LINES = 4 


INPUT 5 BUS— M(R(X)); BUS > D; N LINES =5 


*The arithmetic operations and the shift instructions are the only  **This instruction is associated with more than one mnemonic. Each 


instructions that can alter the DF. After an add instruction: mnemonic is individually listed. 
DF = 1 denotes a carry has occurred ee ee ; ; 
DF = 0 Denotes a carry has not occurred An idle instruction initiates a repeating S1 cycle. The processor will 


continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request is acknowledged, the idle cycle 
is terminated and the I/O request is serviced, and then normal oper- 
ation is resumed. 


After a subtract instruction: 
DF = 1 denotes no borrow. D is a true positive number 
DF = 0 denotes a borrow. D is two’s complement 
The syntax “-(not DF)” denotes the subtraction of the borrow 
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TABLE 1. INSTRUCTION SUMMARY (Continued) (See Notes at End of Table) 


INSTRUCTION | MNEMONIC | OP CODE OPERATION 


INPUT-OUTPUT BYTE TRANSFER (Continued) 


INPUT 6 INP 6 6E BUS-—» M(R(X)); BUS + D; N LINES = 6 , 
INPUT 7 INP 7 6F BUS— M(R(X)); BUS > D; N LINES = 7 


*The arithmetic operations and the shift instructions are the only  ‘**This instruction is associated with more than one mnemonic. Each 
instructions that can alter the DF. After an add instruction: mnemonic is individually listed. 
DF = 1 denotes a carry has occurred 
DF = 0 Denotes a carry has not occurred 
After a subtract instruction: 
DF = 1 denotes no borrow. D is a true positive number 
DF = 0 denotes a borrow. D is two’s complement 
The syntax “-(not DF)” denotes the subtraction of the borrow 


tAn idle instruction initiates a repeating S1 cycle. The processor will 
continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA- 
OUT) is activated. When the request is acknowledged, the idle cycle 
is terminated and the |/O request is serviced, and then normal oper- 
ation is resumed. 


NOTES FOR TABLE 1 


1. Long-Branch, Long-Skip and No Op instructions require three 
cycles to complete (1 fetch + 2 execute). 


If the tested condition is met, then branching takes place; the 
branching address byte is loaded into the low-order byte position 
of the current program counter. This effects a branch within the 
current 256-byte page of the memory, i.e., the page which holds 
the branching address. If the tested condition is not met, the 
branching address byte is skipped over, and the next instruction 
in sequence is fetched and executed. This same action is taken 
in the case of unconditional no branch (NBR). 


Long-Branch instructions are three bytes long. The first byte 
specifies the condition to be tested; and the second and third 
byte, the branching address. 


The long-branch instructions can: 
a. Branch unconditionally 
b. Test for D=0 or D #0 
c. Test for DF = O or DF = 1 
d. Test forQ=0orQ=1 
e. Effect an unconditional no branch 


3. The skip instructions are one byte long. There is one Uncondi- 
tional Short-Skip (SKP) and eight Long-Skip instructions. 


The Unconditional Short-Skip instruction takes 2 cycles to 


If the tested condition is met, then branching takes place; the 
branching address bytes are loaded in the high-and-low order 
bytes of the current program counter, respectively. This 
operation effects a branch to any memory location. 


If the tested condition is not met, the branching address bytes 
are skipped over, and the next instruction in sequence is fetched 
and executed. This operation is taken for the case of uncondi- 
tional no branch (NLBR). 


complete (1 fetch + 1 execute). Its action is to skip over the byte 
following it. Then the next instruction in sequence is fetched and 
executed. This SKP instruction is identical to the unconditional 
no-branch instruction (NBR) except that the skipped-over byte is 
not considered part of the program. 


The Long-Skip instructions take three cycles to complete 
(1 fetch + 2 execute). 


They can: 


a. Skip unconditionally 


2. The short-branch instructions are two bytes long. The first byte b. Test forD =0orD+0 
specifies the condition to be tested, and the second specifies es Test for DF = 0 or DF = 1 
the branching address. d. Test forQ=0orQ=1 


The short branch instruction can: e. Test for IE = 1 
. Branch unconditionally 

. Test for D =0 or D #0 

. Test for DF = 0 or DF = 1 

. Test forQ=OorQ=1 

. Test the status (1 or 0) of the four EF flags 
f. Effect an unconditional no branch 


If the tested condition is met, then Long Skip takes place; 
the current program counter is incremented twice. Thus two 
bytes are skipped over and the next instruction in sequence 
is fetched and executed. If the tested condition is not met, 
then no action is taken. Execution is continued by fetching 
the next instruction in sequence. 


o0adapn 
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Timing Waveforms 


we a a a a a na ae 


CLOCK 
\00/ 6, “ r ie 21 ASOA 3, Qs 4, ASQ/ 5, \EQKh 6, AZOM 7, NOO o 


| | ! 


TPA 


| 
| 
| | | I | | t 
! | ie 'PLH PHL 
TPB | | 
ea SU eh | 
MEMORY [IPL PHL HIGH ORDER ‘'pLHPHL\Y | LOW ORDER | teu ile // 
ADDRESS AAAOORESS BYTE [1 “A | ADDRESS BYTE i hasieer Saco 
| | ian | tH 
WED tPLH TPH tsut || | | IPLH 
(MEMORY 
READ CYCLE) | 


MWR tPLH 
(MEMORY | 
WRITE CYCLE) 


tPHL re 


stare Cth. i 'PLH Wh 
/ 
CODES tp’ tPHL 
Q | | tPLH. tPHL 


NO,NI,N2 TPLH 
(1/0 | 
EXECUTION | 
CYCLE) | ! 


DATA FROM 
BUS TO CPU 


DMA | SAMPLED (SI,S2,S3) 


| | INteRRUPT \tsU,_ tH |/ 


SAMPLED (SI, S2) | 


INTERRUPT | | 
REQUEST FLAG LINES \isu| tH 1/ 


SAMPLED (IN SI) 


EF I-4 SETA 


DMA 
REQUEST 


ANY NEGATIVE 
TRANSITION 


NOTES: 


1. This timing diagram is used to show signal relationships only 
and does not represent any specific machine cycle. 


2. All measurements are referenced to 50% point of the 
waveforms. 


3. Shaded areas indicate “Don’t Care” or undefined state. 
Multiple transitions may occur during this period. 


FIGURE 15. TIMING WAVEFORMS 
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Dynamic Electrical Characteristics at T, = -40°C to +85°C, C, = 50pF; Vpp +5% 


CDP1802A, CDP1802BC 
Vop 
(V) 


Vee : 
PROPAGATION DELAY TIMES 
Clock to TPA, TPB teLy» tee 200 300 
150 250 
| 100 | 150 
Clock-to-Memory High-Address Byte tet» teu 5 5 600 850 475 | 
5 10 400 600 | - 
10 10 | 300 400 . 
Clock-to-Memory Low-Address Byte Valid | tory, toy, 250 | 175 
; 150 - 
i 100 | 
Clock to MRD teu, | i 200 300 | 175 275 
150 250 - . 
100 150 . - 
Clock to MR teLy 5 | 200 350 175 275 
10 150 290 | . - | 
, 10 — 100 175 . | - | 
Clock to MWR teLH, teu | 200 300 175 
150 250 . | 
| 100 150. | . | | 
Clock to (CPU DATA to BUS) Valid | tate teal | 5 300 450 | | 375 
| : 10 250 350 | -— 
| 10 100 200 | - : 
Clock to State Code tel, teu. | 300 450 
} 250 350 | | 
| i 150 250 | | : 
Clock to Q Boracn 250 400 : : 
150 250 | : 
: | 100 150 | 
Clock to N (0-2) | tery, teu 300 550 275 
: 200 350 | - 
7 i 150 250 . | | 


MINIMUM SET UP AND HOLD TIMES: 


Data Bus Input Set Up 


Data Bus Input Hold - a | 150 200 
| | 125 

| , 100 

wad "fale Ea 
=— - "Lele fo 


“Typical values are for Ty = +25°C and nominal Vop. 
**Maximum limits of minimum characteristics are the values above which all devices function 
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Dynamic Electrical Characteristics at T, = -40°C to +85°C, C, = 50pF; Vpp +5% (Continued) 


CDP1802BC 
LIMITS 


CHARACTERISTIC SYMBOL (V) (V) 


MINIMUM SET UP AND HOLD TIMES: (Continued) 
Interrupt Hold 


WAIT Set Up 


EF 1-4 Set Up 


Minimum Pulse Width Times: 
CLEAR Pulse Width 


CLOCK Pulse Width 


5 

5 

10 

5 

5 

10 
ae 

EF1-4 Hold 5 

5 

10 

tw" 5 

5 

10 
"Le 


“Typical values are for Ty = +25°C and nominal Vpp. 
**Maximum limits of minimum characteristics are the values above which all devices function 
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Timing Specifications as a function of T(T = 1/fo_ocx) at Ta = -40 to +85°C 


CDP1802A, CDP1802BC 
1 CDP1802AC LIMITS | LIMITS | 
Vec | 
CHARACTERISTIC SYMBOL | (V) 


i 
High-Order Memory-Address Byte | 
Set Up To TPA “\ Time 


27-325 | 27-275 
High-Order Memory-Address Byte Hold 
after TPA Time 


tsy 
ty 
Low-Order Memory-Address Byte Hold ty 
ty 
tsy 


T/2-25 
T-30 
after WR Time - 


Ts 


5 
5 
10 
| | 5 
5 
10 
CPU Data to Bus Hold after WR Time 5 
5 
10 


Required Memory Access Time tacc 
Address to Data 


MAD to TPA | 


5T-225 


T/2-20 


Vo 
(Vv) 


*Typical values are for Ty = +25°C and nominal Vpp 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 


DATA MEMORY 
STATE OPERATION BUS ADDRESS bu — 


Initialize 10000 > R 
Not Programmer 
Accessible 


Cr 
Twn 


ee ee 


at 
Branch Not Taken: RP + 1- > RP 


MRX — BUS; RX + 1 > RX 


=) oa 
n n 


nln 


O11? 


OUT 1 
OUT 2 
OUT 3 
OUT 4 
OUT 5 
OUT 6 
OUT 7 


BUS — MRX, D 
INP 7 


MRX —> (X,P); RX + 1 — RX; 
1 > IE 
MRX -—> (X, P); RX + 1 — RX; 
0 > IE 


5 


= 
Be) 
x< 
Be) 
< 


from VO 
Device 


Tn 


NOTES: E. Suppress TPA, wait for DMA. 

A. IE = 1, TPA, TPB suppressed, state = S1. F. IN REQUEST has priority over OUT REQUEST. 

B. BUS = 0 for entire cycle. G. Number refers to machine cycle. See Figure 16 timing waveforms 
C. Next state always S1. for machine cycles 1 through 9. 


D. Wait for DMA or INTERRUPT. 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


DATA MEMORY N 
STATE OPERATION BUS ADDRESS LINES | NOTESS 


Si [7] 6 | SHAC  |LSB(D)-»DF;OF>MsBiO) | Float | AX | 1 | 1 | o | 4 
(Cont.) | (c 

; 

t.) 

8 


C7 [swe [o-wax-oevvor0 | wx | x | ofsfo] 3 
ref sw [rome OT |] mm Pt foto] 
R2 1 


MARK (X, P) > T, MR2; P > X; 
R2-1— R2 
| seQ_ [130 


T 


Float 
Float 
ADCI MRP + D + DF — DF, D; RP + 1 


| SDBI | MRP - D - DFN > DF, D; RP +1 


° 
J 
O 


MSB(D) > DF; DF > LSB(D) Float 
| SMBL | D - MRP - DFN > DF, D; RP + 1 
F RN.O > D 
efor] on fawtao mo 
re por[ pa [oon =” 
C | 0-3, | Long Branch | Taken: MRP > B; RP + 1 — RP oO] 


8-B 
Taken: B — RP.1;MRP > RP.O | M(RP+1)| RP +1 


Si# Not Taken: RP + 1 — RP 


Not Taken: RP + 1 RP MRP+1)]| RP +1 


5 Long Skip | Taken: RP + 1 — RP 
#2 : Taken: RP + 1 — RP 
S1#1 C Not Taken: No Operation 
#2 Not Taken: No Operation 
F 
“ye 


M(RP + 1) RP+ 1 


S1#1 No Operation 


[NeCpwaton iP 
sfofer[ sep [woe Sd] Pr ff fo] 
fefor[ sex [wax SSS | ww ft fo 
MRX + D — DF, D 


sete [wx [woso | wk | me fof 
> | AND 
SD MRX - D > DF, D 
7 SM 
re sR 


+ 
RO 


MRX XOR D > D 


oO & GW NM 


MRX OR D > D MRX RX 
D - MRX > DF, D 


MRX AND D > D 
jssmrorowesi | ret x [+rfifo] 7 


NOTES: E. Suppress TPA, wait for DMA. 

A. IE = 1, TPA, TPB suppressed, state = S1. F. IN REQUEST has priority over OUT REQUEST. 

B. BUS = 0 for entire cycle. G. Number refers to machine cycle. See Figure 16 timing waveforms 
C. Next state always S1. for machine cycles 1 through 9. 


D. Wait for DMA or INTERRUPT. 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


DATA MEMORY 
STATE OPERATION BUS ADDRESS LIN ie NOTESS 


MRP -> D; RP + 1 —> RP 
en MRP OR D > D; RP + 1 — AP 
0 | MRP AND D -> D; RP + 1— RP 
n MRP XOR D > D; RP +1 —> RP 
t) MRP + D -> DF, D; RP + 1 — RP 
MRP - D - DF, D; RP +1— RP 
D - MRP > DF, D; RP +1— AP 


a Ce 


DMA IN BUS — MRO; RO + 1 —> RO Data 
from i/O 
Device 


NOQOQWPY OD 


ee (a 2k eos 
[meron ferctecrersne [am ppp 


NOTES: E. Suppress TPA, wait for DMA. 

A. |E = 1, TPA, TPB suppressed, state = S1. F. IN REQUEST has priority over OUT REQUEST. 

B. BUS = 0 for entire cycle. G. Number refers to machine cycle. See Figure 16 timing waveforms 
C. Next state always S1. for machine cycles 1 through 9. 


D. Wait for DMA or INTERRUPT. 


MACHINE 


YCLE (n+ 3) CYCLE (n+ 4) 
seat ae CELE CYCLE TS 


MA HIGH ADD LOW ADDRESS LOW ADDRESS LOW ADDRESS LOW ADDRESS HIGH ADO] 


GENERAL TIMING WAVEFORMS 


INSTRUCTION FETCH (50) EXECUTE (51) FETCH (SO) PCEXECUTE (SI) dT FETCH (SO) 
be—MEMORY READ CYCLE eee = NON MEMORY CYCLE ——enlae — MEMORY READ CYCLE ——tle——— NON MEMORY CYCLE ofa MEMORY 


READ 


MRD CYCLE 


MWR (HIGH) 


MEMORY 
OUTPUT 


<+-— _— 
ALLOWABLE MEMORY ACCESS VALID OUTPUT 


VALID OUTPUT 


NO. 1 NON MEMORY CYCLE TIMING WAVEFORMS 


WA, DON'T CARE” OR INTERNAL DELAYS MBM HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) 
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PSRs CxPCut) st FFTCH (SO) EXECUTE (S1) FETCH (SO) 


be MEMORY READ ( YCUt whe EMORY RITE CCL oe MEMORY READ CYCLE —e—— MEMORY WRITE CYCLE —@}e-——— MEMORY 
READ 
MRD | | CYCLE 


MWR J Pest) 


MEMORY 


7 
OUTPUT 
+ - - oe Ca <—____» 
ALLOWABLE MEMORY ACCESS -- VALID OUTPUT 


VALID OUTPUT 
CPU OUTPUT 


MEMORY 


NO. 2 MEMORY WRITE CYCLE TIMING WAVEFORMS 


MO—— MEMORY READ CYCLE =~ -aefm- = MEMOHY READ CYCLE —  t-—— MEMORY READ CYCLE —t}e-— MEMOR Y READ CYCLE} MEMORY 


READ 


ee eta ee ee ees 


| MWR (HIGH) 
| Sureur EZ B UZ ‘© GUM UU 
+ ——_— ———» ————_______—_» <<. 
ALLOWABLE TIEMORY ACCESS VALID OUTPUT VALIO OUTPUT VALID OUTPUT VALID OUTPUT fe) rt 
x 
NO. 3 MEMORY READ CYCLE TIMING WAVEFORMS oO 4 
= 
NO 
O90 
INSTRUCTION EXECUTE (SN) EXECUTE (S1) EXECUTE (S1) 3S o 


j~-———- MEMORY READ CYCLE — MEMORY READ CYCLE > MEMORY READ CYCLE m}ee——— MEMORY READ CYCLE—fpo—— MEMORY 
a, READ 
MRD | | | | | | | CYCLE 


MWR (HIGH) 


oorear. VMLL_—~znaEA MLRL_-CkaJcT[Z£||_—_«zxzZ Ma ZZ 
a —— oe 


ALLOWABLE MEMORY ACCESS VALID OUTPUT VALID OUTPUT VALID OUTPUT 


NO. 4 LONG BRANCH OR LONG SKIP CYCLE TIMING WAVEFORMS 


W//)DON'T CARE” OR INTERNAL DELAYS [BBE HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 
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G. a: 4a. “ei ch. “Ge ee ee Oe A OR a 
cock LE LILILILILILILIFLFL LU LILI LF LP LS LS 
ee ae es 
Oe ee es 


MACHINE CYCLE CYCLE (n+ 1) 
INSTRUCTION FETCH (SO) EXECUTE (S1) 


MRD 


NO-N2 N=9-F 


MWR 


MEMORY 
OUTPUT 
<_ 
ALLOWABLE MEMORY ACCESS VALID OUTPUT 


DATA BUS * a VALID DATA FROM INPUT DEVICE 


: MEMORY s . MEMORY ' 
READ CYCLE _ WRITE CYCLE 


NO. 5 INPUT CYCLE TIMING WAVEFORMS 


“User generated signal 


0 1 2 3.4 5 a 1 2 ch 6. 9 0 1 
CLOCK 
TPA 
TPB 
Cee evel VCR oe 
CYCLE CYCLE n CYCLE (n+ 1) 


INSTRUCTION FETCH (SO) EXECUTE (S1) 


MRD 


NO —- N2 / N=1-7 \ 


ALLOWABLE MEMORY ACCESS 
+. 


pata sus 77 VILMLLLLLLLLLL LUM 


VALID DATA FROM MEMORY __#4 


OO 
DATA STROBE * ALLOWABLE MEMORY ACCESS VALID OUTPUT 


(MRD TPB N) | | 
MEMORY MEMORY 

SS READ CYCLE ae ee READ CYCLE | 

| | 


“User generated signal 


NO. 6 OUTPUT CYCLE TIMING WAVEFORMS 


WA PON’'T CARE” OR INTERNAL DELAYS [BBB HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 
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MACHINE 


SCG ab ee OI ee re 
INSTRUCTION "TFET GH iso) execute st —SCdSCSSCS~CSCS~CS TT CSCCSCdC TT TOS 
OMA-IN * ZZ LEE LLL ULL 


MRD 
ey TP ee eg ee ma ee eee els Sia ee Ee 
erst PTTL LLL LTT LD WNL. 


VALID OUTPUT VALID OUTPUT 


DATA BUS‘ \ VALID DATA FROM INPUT DEVICE 
! | | | | 
ately MEMORY ; ; 
READ CYCLE oe — READ WRITE OR = ——__—peq——____—. MEMORY MEMORY 
NON MEMORY CYCLE WRITE CYCLE ae READ CYCLE 


*User generated signal 


NO. 7 DMA IN CYCLE TIMING WAVEFORMS 


CMOS MICRO- 
PROCESSORS 


MACHINE vole 
CYCLE CYCLE CYCLE (in ¥2) CYCLE In 3) 
INSTRUCTION FETCH (SO) EXECUTE ($1) DMA (S82) FETCH (SO) 
PMAOUT 2 2. : PEGE: IEE ILLITE COZZI LLLLLLLLLLLg CLL, 


MRD uw 


Nats Slee ag: Se acai ed ahs = 
MWR ‘ee eee | 
MEMORY » r 
OUTPUT GE CEPA GEELISEISI IEG ELIS SESS CSPLLELLLLLLLLLD — SLMS 
VALID DATA FROM MEMORY 
DATA‘ VALID OUTPUT mm 
STROBE | | { | 
(S2 TPB) | | MEMORY | | 
MORY 
egies MEMORY _— READ WRITE OR $$ ee goo MOY 
READ CYCLE | NON MEMORY CYCLE | 


jREAD CYCLE 


“User generated signal 


NO. 8 DMA OUT CYCLE TIMING WAVEFORMS 


W/Z) DON'T CARE” OR INTERNAL DELAYS [MN HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 
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MACHINE 


CYCLE ONO CC CRE No CV CLE (no) 
INSTRUCTION] FETCH ISO) EXECUTE (SH) INTERRUPT (S3) FETCH (SO) CC*d 
MRD ee eee J 
MWR Nee ee oe ed Cs 
INTERRUPT “7 C7 VITLTES S/o Vit, y 


GNTERNAIQEE © SC aN a ee 


MEMORY 
OUTPUT 


VALID OUTPUT 


| | 
MEMORY 


READ CYCLE 


“User generated signal 


NO. 9 INTERRUPT CYCLE TIMING WAVEFORMS 


BML LLL LA] 


VALIO OUTPUT 
| | 


MEMORY READ, WRITE MEMORY 
————— he ‘ ——ore—§ — NON MEMORY CYCLE ——e———_—_. ——-—-——_-_-» 
OR NON MEMORY CYCLE : i READ CYCLE | 


WD DON'T CARE” OR INTERNAL DELAYS [BBN HIGH IMPEDANCE STATE 


FIGURE 16. MACHINE CYCLE TIMING WAVEFORMS (PROPAGATION DELAYS NOT SHOWN) (Continued) 


Operating and Handling Considerations 


1. Handling 


All inputs and outputs of Harris CMOS devices have a 
network for electrostatic protection during handling. 


2. Operating 
Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
Vpp-Vss to exceed the absolute maximum rating. 


Input Signals 


To prevent damage to the input protection circuit, input 
signals should never be greater than Vpp nor less than Vgs. 
Input currents must not exceed 10mA even when the power 
supply is off. 


Unused Inputs 


A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vss, whichever is appropriate. 


Output Short Circuits 


Shorting of outputs to Vpp or Vgs may damage CMOS 
devices by exceeding the maximum device dissipation. 


3-26 


RIS 


SEMICONDUCTOR 


CDP1802A/3 
CDP1802AC/3 


High—Reliability CMOS 8—Bit Microprocessor 


4 


January 1992 


Features 


Pinout 


CAUTION. These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


For Use In Aerospace, Military, and Critical 
Industrial Equipment 


Minimum Instruction Fetch-Execute time of 
2.2us (Maximum Clock Frequency of 7.4MHz) at 
Vop = 10V, Ta = +25°C 


Operation Over the Full Military 
Temperature Range.......... -55°C to +125°C 


Any Combination of Standard RAM and ROM Up 
To 65,536 Bytes 


8—Bit Parallel Organization With Bidirectional 
Data Bus and Multiplexed Address Bus 


16 x 16 Matrix of Registers for Use as Multiple 
Program Counters, Data Pointers, or Data 
Registers 


On-Chip DMA, Interrupt, and Flag Inputs 
High Noise Immunity.............. 30% of Vop 


Description 


The CDP 1802A/3 high-reliability LSI CMOS 8~bit register- 
oriented central-processing unit (CPU) is designed for use as a 
general-purpose computing or control element in a wide range of 
stored—-program systems or products. 


The CDP 1802A/3 includes all of the circuits required for fetching, 
interpreting, and executing instructions which have been stored in 
standard types of memories. Extensive input/output (I/O) control 
features are also provided to facilitate system design. 


The 1800 series architecture is designed with emphasis on the 
total microcomputer system as an integral entity so that systems 
having maximum flexibility and minimum cost can be realized. The 
1800 series CPU also provides a synchronous interface to 
memories and external controllers for I/O devices, and minimizes 
the cost of interface controllers. Further, the I/O interface is 
capable of supporting devices operating in polled, interrupt-driven, 
or direct memory—access modes. 


The CDP1802A/3 and CDP1802AC/3 are functionally identical. 
They differ in that the CDP1802A/3 has a recommended operating 
voltage range of 4V to 10.5 volts, and the CDP1802AC/3 a 
recommended operating voltage range of 4 to 6.5 volts. 


The CDP 1802A/3 is functionally identical to its predecessor, the 
CDP1802. The “A” version includes some_ performance 
enhancements and can be used as a direct replacement in 
systems using the CDP 1802. 


These types are supplied in 40 lead dual-in-line sidebrazed 
ceramic packages (D suffix), that conforms to Mi-KM-38510 case 
outline D-5. 


40 LEAD SIDEBRAZED CERAMIC DIP (PACKAGE TYPE D) 
TOP VIEW 


Copyright © Harris Corporation 1991 
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File Number 1441.1 


CMOS MICRO- 
PROCESSORS 


Specifications CDP1802A/3, CDP1802AC/3 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): 
(All Voltages Referenced to Vgg Terminal) 


CDRP 1S02AN3 6. eireea Gee see Ee eda ee ees —0.5V to +11V 
COP 1802ACI3 ic 3b hoe Ses So 0S AR Se Oes —0.5V to +7V 
Input Voltage Range, All Inputs ............. —0.5V to Vpop +0.5V 
DC Input Current, any One Input....................0 008. +10mA 

Power Dissipation Per Package (Pp) 
Ta = -55°C to +100°C (Package Type D)............. 500mW 
Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mW/°C to 200mW 


Recommended Operating Conditions T, = 


Device Dissipation Per Output Transistor 


T, = Full Package Temperature Range............... 100mW 
Operating Temperature Range (Ta): 

Package IVp6: Oxasiex sg bees nade eeeiaass —55°C to +125°C 
Storage Temperature Range (Tyg) ....-------- -65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
fromcase for10S MAaX......... ccc ccc ee ee eee +265°C 


Full-Package Temperature Range. For maximum reliability, operating 


conditions should be selected so that operation is always within the following ranges. 


CHARACTERISTIC 


DC Operating Voltage Range 
Input Voltage Range 
Maximum Clock Input Rise or Fall Time 


Performance Characteristics 


CHARACTERISTIC 


Maximum Clock Input Frequency, 
Load Capacitance (C,) =50pF fo, 


NOTES: 
1. Equals 2 machine cycles — one Fetch and one Execute operation 
for all instructions except Long Branch and Long Skip, which re- 
quire 3 machine cycles — one Fetch and two Execute operations. 


; CDP1852 
INPUT PORT 


CS2 


DATA Cs1 


55°C to +25°C 


CDP1802 
8—BIT CPU 


MWR 


# TPB DATA TPA 


-_ ; TPA DATA 


55°C to +25°C 
5.9 


CDP1802A/3 CDP1802AC/3 
UNITS 


| Kbytes/s 


ADDRESS BUS 


CDP1824 


CDP1833 
M 32 BYTE RAM 


8-BIT DATA BUS 


FIGURE 1. TYPICAL CDP1802A/3 SMALL MICROPROCESSOR SYSTEM 
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Specifications CDP1802A/3, CDP 1802AC/3 


Static Electrical Characteristics All Limits are 100% Tested 


| ss CONDITIONS DITIONS 


CHARACTERISTIC 


Output Low Drive (Sink) 
Current 


(Except XTAL) 


oO 
> 


¢ >) 
in 


Output High Drive (Source) 
Current 


(Except XTAL) 


Output Voltage 


Low-Level 


1. 5V level characteristics apply to part CDP1802AC/3. 
5V and 10V level characteristics apply to part CDP1802A/3. 


LOAD CAPACITANCE (C,)= 50 pF suasas 
senses. : sane 1 
no RES Ee DIR SEER SP ee Ae 

aR eneen 


SYSTEM MAXIMUM CLOCK FREQUENCY (fc, )— MHz 


5 35 45 55 65 75 85 25 105 W5 125 
AMBIENT TEMPERATURE (Ta)- °C 


FIGURE 2. TYPICAL MAXIMUM CLOCK FREQUENCY AS A 
FUNCTION OF TEMPERATURE 
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Vin Vcc: Vop |_238°Cs #25°C 
SYMBOL a (V) (V) 


pS 
© 


LIMITS 


| -55°C,+25°C +25°C +1 oe 


ae 


100 
120 


cs 
300 


1.20 


g 
: 


slg 
b 
S 


jee) 
n 


LOAD CAPACITANCE (C;_)* 50 pF BESSeEGN Weal ey ates 
oe 
aa bee Dene Ree ene 


N 
x 
= 
I 
a 
Oo 
= 
> 
o 
z 
w 
> 
o 
w 
a 
uu 
x 
[S) 
) 
a 
oO 
= 
> 
2 
x 
a4 
= 
= 
ive) 
= 
wn 
> 
” 


4 5 8 
* SUPPLY VOLTAGE pp )\—-V 


FIGURE 3. TYPICAL MAXIMUM CLOCK FREQUENCY AS A 
FUNCTION OF SUPPLY VOLTAGE 


UNITS 


CMOS MICRO- 
PROCESSORS 


CDP1802A/3, CDP1802AC/3 


ww—(HO}) in3uuND (3DYNOS) HOIH 1NdLNO 


-3 -2 


-4 


erttts 
Let 
iiss 


-6 


a 


DRAIN-TO-SOURCE VOLTAGE (Vps)-v 
-5 


~8 


®Voo 
see 


Voc 
eaguaees 


SASHKSASORHR RENTS SSSSSUEE. Bene tae 

SRECHNA SCAT SUSTES “SSR HAHTA CRE ina SEs 

BRSSSSSSERSRAPVRTTR “VS RSSHS LESS'Se tae 
‘ 


< = o 
su—(H1L) ‘HLI) SWI NOILISNVYL 


18O 


LOAD CAPACITANCE (C__)— pF 
FIGURE 4. TYPICAL TRANSITION TIME VS. LOAD CAPACI- 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


TANCE 


CLOCK INPUT FREQUENCY ( fc,)—MHz 


IDLE = "00" AT M(O000) 


OZO08idO) YOS NOliVdISSIO Y3MOd IWOIIdAL 


BRANCH = "3707'AT M (8107) 


NOTES: 0.0 
CL * 50 pF 


10 


SEEseteeseeeere 


ShORe SSREe eRe 
aSS0e Caeen 


ie 


BSSSGSRERSEEERE SSAA 
BUNSE SSSES OSES SaA.* 


rm N 
yw-(10)) INauYND LHNIS) MOT Nd LNO 


DRAIN-TO-SOURCE VOLTAGE (Vps) -V 
FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 


FIGURE 7. TYPICAL POWER DISSIPATION AS A FUNCTION 
OF CLOCK FREQUENCY FOR’ BRANCH 
INSTRUCTION AND IDLE INSTRUCTION 


CHARACTERISTICS 


. 
SRGRESRREERSESRSEREECBRBBAEBAT eeees 
RASVSRECSARSRPSSESSKBUBesesssessessee. 


8 rw] 7 . 0 NS 
su ——(THd3 9 ‘H1d39) SWiL AV130 NOILYOUdOud 9 


EXCEPT XTAL 


NOTE: ANY OUTPUT 
FIGURE 8. TYPICAL CHANGE IN PROPAGATION DELAY 


SLOAD CAPACITANCE (AC, )— pF 


AS A FUNCTION OF A CHANGE IN LOAD 


CAPACITANCE 
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Specifications CDP1802A/3, CDP1802AC/3 


Timing Specifications as a function of T (T = 1AcLock), CL = SOpF 


LIMITS* 
an 
CHARACTERISTIC SYMBOL —55°C, +25°C +125°C UNITS 


High—Order Memory—Address Byte 2T-450 2T-580 
Set Up to TPA “~\ Time 2T-210 2T-275 


Le! 
ae 
High—Order Memory—Address Byte T/2+0 ps 
Hold After TPA Time T/2/+0 pons | 
Low—Order Memory—Address Byte pO ps 
Hold After WR Time pons 
OPU Data o Bus Ho 70 = ae 
Required Memory Access Time 5T-—300 ps 
Address to Data 5T-—150 pons | 


“These limits are not directly tested. 


© Ww 
Oo oO 


Implicit Characteristics** T, =-—55°C to +25°C 


CHARACTERISTICS 


Typical Total Power Dissipation f = 2MHz 


Idle “00” at M(000), C, = 50pF 


Effective Input Capacitance Any Input 


| Effective 3~State Terminal cepactan? DATA BUS 


Minimum Data Retention voltage Ll VDR 
Data Retention Current Ld 


**These characteristics are not tested. Typical values are provided for guidance only. 


CMOS MICRO- 
PROCESSORS 


TYPICAL 
SYMBOL Vop (V) VALUES UNITS 


O 
z 
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an a a a oa gaa 


\00f 6, Mor N20 a1 Nee 3, \40/ 4, Nso/ s, £0 70 es S 


jet —' su ——— eet 

HIGH ORDER _—'tPLH, tp 

VLLLLLLIN PRESS BYTE [TF 
| 


TPHL | | | | | | 


MEMORY 
ADDRESS 


LOW ORDER = 
ADDRESS BYTE RLH PHL | 


MRD 


(MEMORY 
READ CYCLE) 


MWR 
(MEMORY 
WRITE CYCLE) 


| tPLH. tPHL 


= | 


NO,NI,N2 tePLH 
(1/0 
EXECUTION | | | TPHL 


CYCLE) | DATA 
| LATCHED IN CPU 


wees, TLL LLL Wi 


DMA| SAMPLED (S!,S2,S3) 


DMA | 
REGUES! | INTERRUPT  \!SU___'H 
| SAMPLED (SI, S2) | 


INTERRUPT | ! 
REQUEST eC RGAANES sul tH 


SAMPLED (IN SI) 


EF 1-4 
ANY NEGATIVE 

zene TRANSITION 
WAIT 

CLEAR 

NOTES: 
1. This timing diagram is used to show signal relationships only and 3. Shaded areas indicate “don’t care” or undefined state. Multiple 
does not represent any specific machine cycle. _ transitions may occur during this period. 


2. Allmeasurements are referenced to 50% point of the waveforms. 


FIGURE 9. TIMING WAVEFORMS 
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Specifications CDP1802A/3, CDP1802AC/3 


Dynamic Electrical Characteristics C, = 50pF, Timing Measurement at 0.5 Vpp Point 


LIMITS 


CHARACTERISTIC SYMBOL | Vop (V) Pomin | max foMIN | MAX | UNITS 
Propagation Delay Times teu tHE ee ee eee ee ee ee 
Clock-to-Mernory High Adaress | nt [8 | | 7 | | 50 
Clock—-to-Memory Low-Address tuto | CET 840s 

Ibiciee ox Se ceca com een x os 
Clock to (CPU DATA to BUS) a 40 [| - | 550 wae 
Clock to Q tute | 375 ie 
Clock to N (0-2) 400 525 


—_ 


200 260 


Interface Timing Requirements: 


~ 
Q 
Cc 


Data Bus Input Setup 
Data Bus Input Hold (Note 1) 


N 


rare fe) 
a} eo 


Nh 
jo) 


230 
0 


— 
—_ 


DMA Setup 


io) 


Dp) 
oO 


— ~ 
jo) 


DMA Hold (Note 1) 200 


100 


270 
135 


ook, 


— 
¢9) -—- 


Interrupt Setup tsy 


on 
_ 
jo) 


10 


NO 
oO 


Interrupt Hold (Note 1) ty 175 230 

WAIT Setup teu 30 30 
10 20 

EF1—4 Setup 


nn 
io) 


NO pe) 
N 


_— 
12] 
E } 


_ 
fan) 


EF1—4 Hold (Note 1) 135 

65 

Required Pulse Width Times (Note 1): two 150 200 
CLEAR Pulse Width (Note 1) 10 | 100 | 

CLOCK Pulse Width iwi 5 140 185 


on} hm 
Oo} oO 


5V level characteristics apply to part CDP1802AC/3 
5V level and 10V level characteristics apply to part CDP1802A/3 
NOTE: 
1. Minimum input Setup and Hold Times required by part CDP 1802A/3 
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CDP1802A/3, CDP1802AC/3 


< 
S) 


j 
ill 


NC 


NC 


D 


RHR YES] [3] [3S] FS] IS] [S| ey [Sj LS. 


—_—_—_—— 2 ee 
< 
Oo 


FIRIBIS IBIS IRIS EI 


iil 
| 


All Resistors are 47kQ +20% 


CDP1802A 11V 160 Hours 
CDP1802AC 160 Hours 


FIGURE 10. BIAS/STATIC BURN-IN CIRCUIT 
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CDP1805AC 
CDP1806AC 


CMOS 8-Bit Microprocessor 
With On-Chip RAM* and Counter/Timer 


RIS 


SEMICONDUCTOR 


aD 


December 1991 


Features 


e 


Instruction Time of 3.2us, -40°C to 
+85°C 


123 Instructions - Upwards Software 
Compatible With CDP1802 


BCD Arithmetic Instructions 
Low-Power IDLE Mode 


Pin Compatible With CDP1802 
Except for Terminal 16 


64K-Byte Memory Address Capabil- 
ity 


64 Bytes of On-Chip RAM* 
16 x 16 Matrix of On-Board Registers 


On-Chip Crystal or RC Controlled 
Oscillator 


8-Bit Counter/Timer 


*CDP1805AC Only 


Description 


The CDP1805AC and CDP1806AC are functional and performance enhance- 
ments of the CDP1802 CMOS 8-Bit register-oriented microprocessor series 
and are designed for use in general-purpose applications. 


The CDP1805AC hardware enhancements include a 64-byte RAM and an 8-bit 
presettable down counter. The Counter/Timer which generates an internal 
interrupt request, can be programmed for use in time-base, event-counting, 
and pulse-duration measurement applications. The Counter/Timer underflow 
output can also be directed to the Q output terminal. The CDP1806AC hara- 
ware enhancements are identical to the CDP1805AC, except the CDP1806AC 
contains no on-chip RAM. 


The CDP1805AC and CDP1806AC are identical to the CDP1804AC, except for 
the on-chip memory, and may be used for CDP1804AC development 
purposes. 


The CDP1805AC and CDP1806AC software enhancements include 32 more 
instructions than the CDP 1802. The 32 new software instructions add subrou- 
tine call and return capability, enhanced data transfer manipulation, Counter/ 
Timer control, improved interrupt handling, single-instruction loop counting, 
and BCD arithmetic. 


Upwards software and hardware compatibility is maintained when substituting 
a CDP1805AC or CDP1806AC for other CDP1800-series microprocessors. 
Pinout is identical except for the replacement of Vcc with ME on the 
CDP1805AC and the replacement of Vcc with Vpp on the CDP1806AC. 


The CDP1805AC and CDP1806AC have an operating voltage range of 4V to 
6.5V and are supplied in a 40 lead hermetic dual-in-line ceramic package 
(D suffix), 40 lead dual-in-line plastic package (E suffix) and 44 lead plastic 
leaded chip carrier (PLCC) package (Q suffix). 


Ordering Information 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Plastic DIP 


Burn-in 


Ceramic DIP 


Burn-in 


Copyright © Harris Corporation 1991 


| PACKAGE TEMPERATURE RANGE CDP1805AC CDP1806AC 


-40°C to +85°C 


PLCC -40°C to +85°C CDP1805ACQ CDP1806ACQ 


-40°C to +85°C 


CDP1805ACE CDP1806ACE 
CDP1805ACEX CDP1806ACEX 


CDP1805ACD CDP1806ACD 
CDP 1805ACDX CDP1806ACDX 
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File Number 1370.1 


CMOS MICRO- 
PROCESSORS 


CDP1805AC, CDP1806AC 


Pinouts 
40 LEAD DIP 44 LEAD PLASTIC CHIP CARRIER (PLCC) 
(PACKAGE TYPES D AND €) (PACKAGE TYPE Q) 
TOP VIEW TOP VIEW 
CLOCK | 1| 401 Voo 
WAIT | 2) 39] XTAL 
CLEAR | 3| DMA IN 
al4| 137] DMA OUT 
sci INTERRUPT seat WH 
sco [6 MWR Wap C] s TPA 
MAD 34] TPA sus 7 [] 9 TPB 
BUS 7 TPB BUS 6 L_) MA7 
suse [o. MAT Bus 5 LJ MA6 
fia Nc LJ NC 
a ee Bus 4 L MAS 
BUS 4 [11 MAS sus 3 MA4 
BUS 3 |12| MA4 Bus 2 L MA3 
Bus 2 [13 MA3 Bus 1 LJ MA2 
puss [ial xs BUS 0 LL MA1 
BUS 0 [15] MAt 
MAO 
N2 Eri 
N1 EF2 
No [19] EF 
Vss [20 EF4 
*ME For CDP1805AC 
Vop for CDP1806AC 
Schematic 
ADDRESS BUS ee ys 
rar 
PITTITITITI LIT iit | saceuaecsuaaiaaces 
MAO - MA7 MAO - MA7 MAO-MA4 : 
MRD MRD 
CDP1805AC WITH CDP1824 
RAM, COUNTER/TIMER CDP1833 32 BYTE RAM 
CDP1906AC WITH 1K BYTE ROM USED WITH 


COUNTER/TIMER 


BUSO - BUS7 


BUSO - BUS7 


(CDP1805AC ONLY) 


8 BIT DATA BUS 


CEO 
BUSO - BUS7 


CDP1806AC ONLY) 


al 


BUSO-BUS4 


SCRSOCCRRCOCORG ADORE PHESHCCHRERRE RASS. 
e e 
e ® 


i TEER SERRE, ee 
= 
= 
=o] 


FIGURE 1. TYPICAL CDP1805AC, CDP1806AC SMALL MICROPROCESSOR SYSTEM 
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CDP1805AC, CDP1806AC 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 
(Ail Voltages Referenced to Vsg Terminal) ........ -0.5V to +7V T, = Full Package Temperature Range............... 100mW 

Input Voltage Range, Allinputs ............. -0.5V to Vpp +0.5V Operating Temperature Range (T,): 

DC Input Current, any One Input............ 0... 2 eee eee +10mA Package ly pe’ Oia a5 sis Sana See cenaicn Sed’ -55°C to +125°C 

Power Dissipation Per Package (Pp) Package Type EandQ...................-. -40°C to +85°C 
Ty = -40°C to +60°C (Package Type E)............... 500mW = Storage Temperature Range (Ty) ----..--+---- -65°C to +150°C 
Ta = +60°C to +85°C (Package Type E)........ Derate Linearly Lead Temperature (During Soldering): 

At 12mWPC to 200mW At distance 1/16 +1/32 In. (1.59 + 0.79mm) from case for 10s 
Ty = -55°C to +100°C (Package Type D) ............. 500mWw MAX S12 cue bs boo ones ee Ae ee eke wee ees +265°C 
Ta = +100°C to +125°C (Package Type D).... Derate Linearly at *Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm 

12mW/°C to 200mW thick G10 epoxy glass, or equivalent. 
Ta = -40°C to +85°C (Package Type Q)*.............. 500mW 


Recommended Operating Conditions T, = Full-Package Temperature Range. For maximum reliability, operating conditions 


should be selected so that operation is always within the following ranges. 
LIMITS 


CDP1805ACD, CDP1805ACE 
CDP1806ACD, CDP1806ACE 


CHARACTERISTIC 


DC Operating Voltage Range 


Maximum DMA Transfer Rate 


CMOS MICRO- 
PROCESSORS 


Maximum Clock Input Frequency, 
Load Capacitance (C,) = 50pF 


Maximum External Counter/Timer Clock 
Input Frequency to EF1, EF2 


* Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip, NOP, and “68” family 
instructions, which are more than two cycles. 
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Specifications CDP1805AC, CDP1806AC 


Static Electrical Characteristics at T, = -40°C to +85°C, Vpp +5%, Except as Noted 


CONDITIONS LIMITS 
CDP1805ACD, CDP1805ACE | 
CDP1806ACD, CDP1806ACE | 
SYMBOL ( MAX UNITS | 


So 
sz 


CHARACTERISTIC 


Quiescent Device Current 


~ | 
o 


Output Low Drive (Sink) Current 
(Except XTAL) 


XTAL Output 


oO 
BN 


Output High Drive (Source) Current 
(Except XTAL 


2 


co) 
< 


oO 
a 
> 
on 
B 
> 


© 
go 
p 
on 


Schmitt Trigger input Voltage 
(Except BUSO - BUS7, ME) 


N) 
RO 


NO 4 


Positive Trigger Threshold 


foe) 
< 


Ro 
[o>] 
| 


Input Leakage Current Sw | 


idle “00” at M (0000) i 


Minimum Data Retention Voltage Vor 
Data Retention Current | ton | 


“Typical values are for Ty, = +25°C and nominal Vpp. 


Pit | it 

oO} « : 
+ = 

nn o>) 

e E 


. 
| © 
=< 
©» : 
_— 
@ 
O 
Cc 
= 
oT 
c 
- 
— 
© 
et 
x 
je) 
a | 
© 
O 
Cc 
, om 
aa) 
@ 
> 
— 
e 
Cc 
+ 
QQ = 
: —_ : 
on 
a 


; 
oO 


Total Power Dissipation** 


Run 


— 
ND 


ao 


**External clock: f = 5MHz, t,, ty = 10ns. C, = 50pF 
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CDP1805AC, CDP1806AC 


1/0 REQUESTS 
MEMORY ADDRESS LINES 1/0 FLAGS 
DMA CONTROL 
ME FOR CDPI805AC MAG MA4 MA2 MAO EFI EF3 eel 
Gece OMAP zee notte et 
Vpp FOR COPI806AC MA7IMASIMA3/ Mal EF2|EF4 IN| INT CLEAR WAIT 


CDPISO5AC | te 
ONLY 
fe 7 ee LOGIC eon 
leelea BYTE Lad X TAL 
rt fe ee eH 
{ o-so CONTROL AND = are 
G 
COUNTER HOLDING a ers Q LOGIC 
REGISTER (cH) aed a 
MODE “ 
Bi a a ree, | srsren 
Tc Ww TIMING 
INSTRUCTION +e MRD 
DECODE 


NO 
e 1/0 
COMMANDS 
RIA). R(A).O) N2 


= re) Ve 

8-BIT BIDIRECTIONAL DATA BUS LOG 
92CM-34988 oO YY”) 

Ss 0) 

Fig. 2 - Block diagram for CDP1805AC and CDP1806AC. o O 
oe! 

= 

O a. 


TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 


an RAM READ CYCLE ae RAM WRITE CYCLE “| 
00 10 2 3 4 SS 60 70 'OO 10 2 3 4 %S 6 7 


Ol iT 2l 3 4 St 6 7t ©6Ol it 2! 34 5! 6I 7I 


TPA 


TPB 
MEMORY 


| towaavTe =| =f HIGH BYTE} = LOW BYTE 
ADDRESS LOW BYTE | HIGH BYTE LOW BYTE 


MRO 


VALIO DATA FROM MEMORY 


pata Bus VL Aa baa FOC 


92CM-34989 
*“NOTE 


ME HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECT TO THE 
BEGINNING OF CLOCK 70. FOR A MEMORY READ OPERATION, RAM DATA 
WILL APPEAR ON THE DATA BUS DURING THE TIME ME IS ACTIVE AFTER 
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA 
OUT OPERATION IS PERFORMED ON INTERNAL RAM DATA, TO ALLOW DATA 
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL 
RAM IS AUTOMATICALLY DESELECTED AT THE END OF CLOCK 71, 
INDEPENDENT OF ME 


* FOR CDPI805AC ONLY 


Fig. 3 - Internal memory operation timing waveforms for CDP1805AC and CDP1806AC. 
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CDP1805AC, CDP1806AC 


pols MEMORY READ CYCLE ne MEMORY WRITE ae 
10 20 30 40 50 60 70 #'00 10 20 30 40 50 60 70 


a ee! (5 a  rernS ac |e 
EMORY [wich eyTe 


ADDRESS 


% ME IN 
et es a 


CHES 77 2 


DATA BUS 


* FOR CDPIBO5AC ONLY 


9g2CS-34990 


Fig. 4 - External memory operation timing waveforms for CDP1805AC and CDP1806AC. 


ENHANCED CDP1805AC and CDP1806AC OPERATION 


TIMING 


Timing for the CDP1805AC and CDP1806AC is the same as 
the CDP1802 microprocessor series, with the following 
exceptions: 
e 4.5 clock cycles are provided for memory access 
instead of 5. 
¢ Q changes 1/2 clock cycle earlier during the SEQ and 
REQ instructions. 
e Flag lines (EF1-EF4) are sampled at the end of the SO 
cycle instead of at the beginning of the S1 cycle. 
« Pause can only occur on the low-to-hgh transition of 
either TPA or TPB, instead of any negative clock transition. 


SPECIAL FEATURES 
Schmitt triggers are provided on all inputs, except ME and 


SIGNAL DESCRIPTIONS 


BUS 0 to BUS 7 (Data Bus): 


8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 


NO to N2 (I/O) Lines: 


Activated by an |/O instruction to signal the I/O control 
logic of a data transfer between memory and I/O interface. 
These lines can be used to issue command codes or device 
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BUS 0-BUS 7, for maximum immunity from noise and slow 
signal transitions. A Schmitt trigger in the oscillator section 
allows operation with an RC or crystal. 


The CDP1802-series LOAD mode is not retained. This 
mode (WAIT, CLEAR=0) is not allowed on the CDP1805AC 
and CDP1806AC. 


A low power mode is provided, which is initiated via the 
IDLE instruction. In this mode all external signals, except 
the oscillator, are stopped on the low-to-high transition of 
TPB. All outputs remain in their previous states, MRD is set 
to a logic “1”, and the data bus floats. The IDLE mode is 
exited by a DMA or INT condition. The INT includes both 
external interrupts and interrupts generated by the 
Counter/Timer. The only restrictions are that the Timer 
mode, which uses the TPA + 32 clock source, and the 
underflow condition of the Pulse Width Measurement 
modes are not available to exit the IDLE mode. 


selection codes to the I/O devices. The N bits are low at all 
times except when an |/O instruction is being executed. 
During this time their state is the same as the corresponding 
bits in the N register. The direction of data flow is defined in 
the I/O instruction by bit N3 (internally) and is indicated by 
the level of the MRD signal: 


MRD = Voo: Input data from I/O to CPU and Memory 
MRD = Vss: Output data from Memory to I/O 


CDP1805AC, CDP1806AC 


EF1 to EF4 (4 Flags): 


These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. The flag(s) are sampled at the end of 
every SO cycle. EF1 and EF2 are also used for event 
counting and pulse-width measurement in conjunction 
with the Counter/Timer. 


INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 


DMA-IN and DMA-OUT are sampled during TPB every S1, 
S2, and S3 cycle. INTERRUPT is sampled during TPB every 
S1 and S2 cycle. 


interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable (MIE) is reset to 0 (inhibit); and 
instruction execution is resumed. The interrupt action 
requires one machine cycle (S3). 


DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and R(0) is incremented. 


Note: In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. (The interrupt request is not internally 
latched and must be held true after DMA.) 


SCO, SC1, (2 State Code Lines): 


These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing 
a DMA request, or 4) acknowledging an interrupt request. 
The levels of state code are tabulated below. All states are 
valid at TPA. 


State Type 


State Code Lines 


SO (Fetch) 

S1 (Execute) 
S2 (DMA) 

S3 (Interrupt) 
H=Vpp, L= Vss. 


TPA, TPB (2 Timing Pulses): 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
high-order byte of the multiplexed 16-bit memory address. 


MAO to MA7 (8 Memory Address Lines): 


In each cycle, the higher-order byte of a 16-bit memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The 
low-order byte of the 16-bit address appears on the address 
lines 1/2 clock after the termination of TPA. 


MWR (Write Pulse): 


A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 
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MRD (Read Level): 


A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory and to indicate the direction of data transfer during 
an I/O instruction. 


Q: 


Single bit output from the CPU which can be set or reset, 
under program control. During SEQ and REQ instruction 
execution, Q is set or reset between the trailing edge of TPA 
and the leading edge of TPB. The Q line can also be 
controlled by the Counter/Timer underflow via the Enable 
Toggle Q instruction. 


The Enable Toggle Q command connects the Q-line flip- 
flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q line 
changes state. This command is cleared by a LOAD 
COUNTER (LDC) instruction with the Counter/Timer 
stopped, a CPU reset, ora BRANCH COUNTER INTERRUPT 
(BCI) instruction with the counter interrupt flip-flop set. 


CLOCK: 


Input for externally generated single-phase clock. The 
maximum clock frequency is 5 MHz at Voo=5 V. Theclockis 
counted down internally to 8 clock pulses per machine 
cycle. 


XTAL: 


Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. 


WAIT, CLEAR (2 Control Lines): 


Provide four control modes as listed in the following truth 
table. 


clean | WAT | MODE 
q | ___ NOT ALLOWED 


ME (Memory Enable CDP1805AC Only): 


This active low input is used to select or deselect the 
internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that ME is active 
(after clock 31). Thus, if this data is to be latched into an 
external device (i.e., during an OUTPUT instruction or DMA 
OUT cycle), ME should be wide enough to provide enough 
time for valid data to be latched. The internal RAM is 
automatically deselected after clock 71. ME is ineffective 
when MRD e MWR =1. 


The internal RAM isnot internally mask-decoded. Decoding 
of the starting address is performed externally, and may 
reside in any 64-byte block of memory. 


Vpp (CDP1806AC Only): 


This input replaces the ME signal of the CDP1805AC and 
must be connected to the positive power supply. 


Vpp: Vss; (Power Levels): 


Vss is the most negative supply voltage terminal and is 
normally connected to ground. Vpp is the positive supply 
voltage terminal. All outputs swing from Vss to Vop. The 
recommended input voltage swing is from Vss to Vop. 


CMOS MICRO- 
PROCESSORS 


CDP1805AC, CDP1806AC 


ARCHITECTURE 


Fig. 2 shows a block diagram of the CDP1805AC and 
CDP1806AC. The principal feature of this system is a 
register array (R) consisting of sixteen 16-bit scratchpad 
registers. Individual registers in the array (R) are designated 
(selected) by a 4-bit binary code from one of the 4-bit 
registers labeled N, P, and X. The contents of any register 
can be directed to any one of the following paths: 


1. the external memory (multiplexed, higher-order byte 
first on to 8 memory address lines) 

2. the D register (either of the two bytes can be gated to D) 

3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register. 

4. to any other 16-bit scratch pad register in the array. 


The four paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 


Most instructions consist of two 8-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second 
—and more if necessary — are execute cycles. During the 
fetch cycle the four bits in the P designator select one of the 
16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the memory 
location from which the instruction is to be fetched. When 
the instruction is read out from the memory, the higher- 
order 4 bits of the instruction byte are loaded into the I 
register and the lower-order 4 bits into the N register. The 
content of the program counter is automatically incremented 
by one so that R(P) is now “pointing” to the next byte in the 
memory. 


The X designator selects one of the 16 registers R(X) to 
“point” to the memory for an operand (or data) in certain 
ALU or I/O operations. 


The N designator can perform the following five functions 
depending on the type of instruction fetched: 
1. designate one of the 16 registers in R to be acted 
upon during register operations 
2. indicate to the I/O devices a command code or 
device-selection code for peripherals 
3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific opera- 
tion required in a class of miscellaneous instructions 
4. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P) 
5. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 


The registers in Rcan be assigned by a programmer in three 
different ways as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 


Program Counters 


Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a “call” to subroutine . When interrupts 
are being serviced, register R(1) is used as the program 
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counter for the user’s interrupt servicing routine. After 
reset, and during a DMA operation, R(0) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 
I): 

ALU operations 

output instructions 

input instructions 

register to memory transfer 

. memory to register transfer 

. interrupt and subroutine handling. 


The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and 
the “Store D” instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 7C, 7D, 7F, and the RLDI 
instruction 68CN. During these instruction executions, the 
Operation is referred to as “data immediate”. 


Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine 
cycle is “stolen”. This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(O) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written into 
(DMA-In) the memory location pointed to by the R(0) 
register. At the end of the transfer, R(0) is incremented by 
one so that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the CDP1805AC and 
CDP1806AC architecture saves a substantial amount of 
logic when fast exchanges of blocks of data are required, 
such as with magnetic discs or during CRT-display-refresh 
cycles. 


Data Registers 


When registers in R are used to store bytes of data, 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data immediate) program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratchpad registers in R to be used to 
hold general data. By employing increment or decrement 
instructions, such registers may be used as loop counters. 
The new RLDI, RLXA, RSXD, and RNxX instructions also 
allow loading, storing, and exchanging the full 16-bit 
contents of the R registers without affecting the D register. 
The new DBNZ instruction allows decrementing and 
branching-on-not-zero of any 16-bit R register also without 
affecting the D register. 


DARN 


The Q Flip-Flop 


An internal flip-flop, Q, can be set or reset by instruction 
and can be sensed by conditional branch instructions. It 
can also be driven by the underflow output of the 
counter/timer. The output of Q is also available as a 
microprocessor output. 


CDP1805AC, CDP1806AC 


Register Summary 


Data Register (Accumulator 
Data Flag (ALU Carr 
Auxiliary Holding Register 


16 Bits 1 of 16 Scratchpad Registers 


Designates which Register is 
Program Counter 
Data Pointer 


oor] 
Lo 
ae 
| N | 4Bits | Holds Low-Order Instr. Digit | 
Psa 


| 1 | 4Bits | Holds High-Order Instr. Digit 
Holds old X, P after Interrupt 
X is high nibble 


Counter Interrupt Latch 


Interrupt Servicing 


Register R(1) is always used as the program counter 
whenever interrupt servicing is initialized. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current instruction), the contents of the X and P registers 
are stored inthe temporary register T, and X and P areset to 
new values, hex digit 2 in X and hex digit 1 in P. Master 
Interrupt Enable is automatically deactivated to inhibit 
further interrupts. The user’s interrupt routine is now in 
control; the contents of T may be saved by means of asingle 
SAV instruction (78) in the memory location pointed to by 
R(X) or the contents of T, D, and DF may be saved using a 
single DSAV instruction (6876). At the conclusion of the 
interrupt, the user's routine may restore the pre-interrupted 
value of X and P with either a RET instruction (70) which 
permits further interrupts, or a DIS instruction (71), which 
disables further interrupts. 


CNT 


Interrupt Generation and Arbitration 
(See Fig. 5) 


Interrupt requests can be generated from the following 
sources: 
1. Externally through the interrupt input (Request not 
latched) 
2. Internally due to Counter/Timer response (Request is 
latched) 
a. On the transition from count (01)16 to its next value 
(counter underflow) a 
b. Onthe ¥ transition of EF1 in pulse measure- 
ment mode 1 
c. Onthe #¢ 
ment mode 2 


transition of EF2 in pulse measure- 


For an interrupt to be serviced by the CPU, the appropriate 
Interrupt Enable flip-flops must be set. Thus, the External 
Interrupt Enable flip-flop must be set to service an external 
interrupt request, and the Counter Interrupt Enable flip-flop 
must be set to service an internal Counter/Timer interrupt 
request. In addition, the Master Interrupt Enable flip-flop 
(as used in the CDP1802) must be set to service either type 
of request. All 3 flip-flops are initially enabled with the 
application of a hardware reset, and, can be selectively 
enabled or disabled with software: CIE, CID instructions for 
the CIE flip-flop; XIE, XID instructions for the XIE flip-flop; 
RET, DIS instructions for the MIE flip-flop. 


Short branch instructions on Counter Interrupt (BCI) and 
External Interrupt (BXI) can be placed in the user’s interrupt 
service routine to provide a means of identifying and 
prioritizing the interrupt source. Note, however, that since 
the External Interrupt request is not latched, it must remain 
active until the short branch is executed if this priority 
arbitration scheme is used. 


Interrupt requests can also be polled if automatic interrupt 
service is not desired (MIE=0). With the Counter Interrupt 
and External Interrupt short branch instructions, the branch 
will be taken if an interrupt request is pending, regardless of 
the state of any of the 3 Interrupt Enable flip-flops. The 
latched counter interrupt request signal wili be reset when 
the branch is taken, when the CPU is reset, or with a LDC 
instruction with the Counter stopped. Note, that exiting a 
counter-initiated interrupt routine without resetting the 
counter-interrupt latch will result in immediately re-entering 
the interrupt routine. 


CMOS MICRO- 
PROCESSORS 
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RESET MASTER 
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Fig. 5 - Interrupt logic-control diagram for CDP1805AC and CDP1806AC. 
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Counter/Timer and Controls (see Fig. 6) 


This logic consists of a presettable 8-bit down-counter 
(Modulo N type), and a conditional divide-by-32 prescaler. 
After counting down to (01)16 the counter returns to its 
initial value at the next count and sets the Counter Interrupt 
Latch. It will continue decrementing on subsequent counts. 
If the counter is preset to (00)16 a full 256 counts will occur. 


During a Load Counter instruction (LDC) if the counter was 
stopped with a STPC instruction, the counter and its 
holding register (CH) are loaded with the value in the D 
register and any previous counter interrupt is cleared. If the 
LDC is executed when the counter is running, the contents 
of the D register are loaded into the holding register (CH) 
only and any previous counter interrupt is not cleared. 
(LDC RESETS the Counter Interrupt Latch only when the 
Counter is stopped). After counting down to (01)1.6 the next 
count will load the new initial value into the counter, set the 
Counter Interrupt Latch, and operation will continue. 


The Counter/Timer has the following five programmable 

modes: 

1. Event Counter 1: Input to counter is connected to the 
EF1 terminal. The high-to-low transition decrements 
the counter. 

. Event Counter 2: Input to counter is connected to the 
EF2 terminal. The high-to-low transition decrements 
the counter. 

. Timer: Input to counter is from the divide-by-32 pre- 
scaler clocked by TPA. The prescaler is decremented 
on the low-to-high transition of TPA. The divide-by-32 
prescaler is reset when the counter is in a mode other 
than the Timer mode, system RESET, or stopped by a 
STPC. 

. Pulse Duration Measurement 1: Input to counter 
connected to TPA. Each low-to-high transition of TPA 


8-BIT 
DOWN 


t. 


decrements the counter if the input signal at_EF1 
terminal (gate input) is low. On the transition of EF1 to 
the positive state, the count is stopped, the mode is 
cleared, and the interrupt request latched. If the counter 
underflows while the input is low, interrupt will also be 
set, but counting will continue. 

. Pulse Duration Measurement 2: Operation is identical 
to Pulse Duration Measurement 1, except EF2 is used 
as the gate input. 


The modes can be changed without affecting the stored 
count. 


Those modes which use EF1 and EF2 terminals as inputs do 
not exclude testing these flags for branch instructions. 


The Stop Counter (STPC) instruction clears the counter 
mode and stops counting. The STPC instruction should be 
executed prior to a GEC instruction, if the counter is in the 
Event Counter Mode 1 or 2. 


In addition to the five programmable modes, the Decrement 
Counter instruction (DTC) enables the user to count in 
software. In order to avoid conflict with counting done in 
the other modes, the instruction should be used only after 
the mode has been cleared by a Stop Counter instruction. 


The Enable Toggle Q instruction (ETQ) connects the Q-line 
flip-flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q output 
changes state. This action is independent of the counter 
mode and the Interrupt Enable flip-flops. The Enable 
Toggle Q condition is cleared by an LDC with the 
Counter/Timer stopped, system Reset, ora BCI withCl = 1. 


Note: SEQ and REQ instructions are independent of 
ETQ—they can SET or RESET Q while the Counter is 
running. 


TO INTERRUPT LATCH 


COUNTER 
UNDERFLOW 


ETQ 


LOC 
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Fig. 6 - Timer/Counter diagram for CDP1805AC and CDP1806AC. 
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On-Board Clock (see Figs. 7, 8 and 9) 


Clock circuits may use either an external crystal or an RC 
network. 


A typical crystal oscillator circuit is shown in Fig. 7. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL)in parallel with a resistance, RF (1 megohm typ.). 
Frequency trimming capacitors, Cin and Cour, may be 
required at terminals 1 and 39. For additional information 
on crystal oscillators, see ICAN-6565. 


Because of the Schmitt Trigger input, an RC oscillator can 
be used as shown in Fig. 8. The frequency is approximately 
1/RC (see Fig. 9). 


RF 


CLOCK* XTAL™ 


XTAL 


Court 


ibe pF 


92CS-38099 


CIN 


si 


SMHz PARALLEL 
RESONANT 
CRYSTAL 


Fig. 7 - Typical 5 MHz crystal oscillator. 


R 


92CS-31056 
*Pin numbers refer to 40-Pin DIP 


Fig. 8 - RC network for oscillator. 
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Fig. 9 - Nominal component values as a function 
of frequency for the RC oscillator. 
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CONTROL MODES 


The function of the modes are defined as follows: 
RESET 


The levels on the CDP1805A and CDP1806A external signal 
lines will asynchronously be forced by RESET to the 
following states: 


Q=0 SC1, SCO=0, 1 BUS 0-7=0 

MRD=1 (EXECUTE) MAO0-7=RO.1 

TPB=0 NO, N1, N2=0, 0,0 TPA=0 
MWR=1 


Internal changes caused by RESET are: 


I, Ninstruction register is cleared to 00. XIE and CIE are set 
to allow interrupts following initialize. CIL is cleared (any 
pending counter interrupt is cleared), counter is stopped, 
the counter mode is cleared, and ETQ is disabled. 


Initialization Cycle on 
The first machine cycle followiing termination of RESET is re "4 
an initialization cycle which requires 9 clock pulses. During Sv) 
this cycle the CPU remains in S1 and the following additional wo 5) 
changes occur: OO 
1—MIE = 
On 


X,P — T (The old value of X, P will be put into T. This only 
has meaning following an orderly Reset with power 
applied). 
X, P, RO — 0 (X, P, and RO are cleared). 
Interrupt and DMA servicing is suppressed during the 
initialization cycle. The next cycle is an SO or an S2 but 
never anS1orS3. The use of a71 instruction followed by 00 
at memory locations 0000 and 0001, may be used to reset 
MIE so as to preclude interrupts until ready for them. 


Reset and Initialize do not affect: 
D (Accumulator) 
DF 
R1,R2, R3, R4, R5, R6, R7, R8, R9, FA, RB, RC, RD, RE, RF 
CH (Counter Holding Register) 
Counter (the counter is stopped but the value is 
unaffected) 


Power-up Reset/Run Circuit 


Power-up Reset/Run can be realized with the circuit shown 
in Fig. 10. 


CDPI805AC 
CDPI806AC 


The RC time constant 
should be greater 
than the oscillator 
start-up time 
(typicatly 20 ms). 


9208-3499) 


Fig. 10 - Reset/run diagram. 
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PAUSE 


Pause is a low power mode which stops the internal CPU 
timing generator and freezes the state of the processor. The 
CPU may be held in the Pause mode indefinitely. Hardware 
pause can occur at two points in a machine cycle, on the 
low-to-high transition of either TPA or TPB. A TPB pause 
can also be initiated by software with the execution of an 
IDLE instruction. In the pause mode. the oscillator continues 
to run but subsequent clock transitions are ignored. TPA 
and TPB remain at their previous state (see Fig. 11). 


Pause is entered from RUN by dropping WAIT low. 
Appropriate Setup and Hold times must be met. 


if Pause is entered while in the event counter mode, the 
appropriate Flag transition will continue to decrement the 
counter. 


Hardware-initiated pause is exited to RUN by raising the 
Wait line high. Pause entered with an IDLE instruction 
requires DMA, INTERRUPT or RESET to resume execution. 


TPA PAUSE TIMING 


TPA PAUSE TIMING ENTER RESUME 
PAUSE RUN 


TPB PAUSE TIMING 


TPB PAUSE TIMING ENTER RESUME 
PAUSE 


RUN 


92CN- 31944RI 


NOTE: 
PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE 
CLOCK CYCLE IN DURATION, COULD BE INFINITELY LONG. 


Fig. 11 - Pause mode timing waveforms. 


RUN 


May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, it will resume on the next 
high-to-low clock transition, while if paused at TPB, it will 
resume on the next low-to-high clock transition (see Fig. 
11). When initiated from the Reset operation, the first 
machine cycle following Reset is always the initialization 
cycle. The initialization cycle is then followed by a DMA 
(S2) cycle or fetch (SO) from location 0000 in memory. 


SCHMITT TRIGGER INPUTS 


All inputs except BUS O—BUS 7 and ME contain a Schmitt 
Trigger circuit, which is especially useful on the CLEAR 
input as a power-up RESET (see Fig. 10) and the CLOCK 
input (see Figs. 7 and 8). 


STATE TRANSITIONS 


The CDP1805A and CDP1806A state transitions are shown 
in Fig. 12. Each machine cycle requires the same period of 
time, 8 clock pulses, except the initialization cycle (INIT) 
which requires 9 clock pulses. Reset is asynchronous and 
can be forced at any time. 


(LONG BRANCH, 
LONG SKIP, NOP, RSXD, ETC) 


DMASCIDLEeINT 
FORCE S1 


~ FORCE SO 


PRIORITY RESET INTeDMA 
FORCE So, $1 
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Fig. 12 - State transition diagram. 


INSTRUCTION SET 
1. Instruction Set - Refer to Harris Literature Department. 


2. Conditions on data bus and memory address lines during 
all machine states - refer to Harris Literature Department. 
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*% NOTES: 
1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS ONLY 
AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 
2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE WAVE- 
FORMS. 
3 SHADED AREAS INDICATE “DON’T CARE” OR UNDEFINED STATE. 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD. soctsaaneni 
*FOR THE RUN (RAM ONLY) MODE ONLY. 
« FOR THE RUN (RAM/ROM) MODE ONLY. 


Fig. 13 - Timing waveforms for CDP1805AC and CDP1&806AC. 
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CMOS MICRO- 
PROCESSORS 


Specifications CDP1805AC, CDP1806AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tag = -40 to +85°C; C, = 50 pF; Input t,,t, = 10 ns; 
Input Pulse Levels = 0.1 V to Vpp-0.1 V; Vpp = 5 V, +5%. 


LIMITS 
CHARACTERISTIC CDP1805AC, CDP1806AC | UNITS 
Typ.° 


Propagation Delay Times: 
Clock to TPA, TPB teiy, teHe 150 275 
Clock-to-Memory High-Address Byte tein, text 325 550 
Clock-to-Memory Low-Address Byte tei, teHe 275 450 
Clock to MRD tein, ter 325 
‘Clock to MWR tery, teHe 275 
Clock to (CPU DATA to BUS) tery, tee 375 625 
Clock to State Code tein, teHL | 225 | 400" 
Clock to Q tei tou 
Clock to N tery, ten 250 425 
Clock to Internal RAM Data to BUS tein, tent 650 
Minimum Set Up and Hold Times:® 
Data Bus Input Set-Up tsu -100 0 
Data Bus Input Hold ty 225 


Interrupt Set-Up tsu -100 
Interrupt Hold 
WAIT Set-Up tsu 20 


EF1-4 Set-Up tsu -125 
EF1-4 Hold ty 175 


Minimum Pulse Width Times:® 
CLEAR Pulse Width 


CLOCK Pulse Width 


=i) =|} 9 

mij mi = 
T1n|> 
Q) |= 
c1c|e 

O 

= + 1a” | a 
= © bests 
as wk [ ot | 
ran) m|oO 
=) ro) on} oO 
GO | ant 

no Aino} 


s/o 
oni 2 
wt | ok 
Qin 
Oro 


*Typical values are for Ta = 25°C and nominal Voo. 


® Maximum limits of minimum characteristics are the values above which all devices function. 


TIMING SPECIFICATIONS as a function of T (T = 1/fCLOCk) at Ta = -40 to +85°C, Vpp = 5 V, +5%. 


| LIMITS 
CHARACTERISTIC CDP1805AC, CDP1806AC| UNITS 


| Min, | Typ" | 


High-Order Memory-Address Byte oT-275 oT-175 
Set-Up toTPA Time 
MRDto TPA « Time T/2-100 T/2-75 
High-Order Memory-Address Byte 
T/2+75 T/2+100 
Hold after TPA Time 
ns 


CPU Data to Bus Hold 

after WR Time t 
Required Memory Access Time 

Address to Data tacc 


ty 

Low-Order Memory-Address Byte T+180 T+240 
Hold after WR Time ty 
H 


T+110 T+150 


4.5T-440 4.5T-330 


*Typical values are for Ta = 25°C and nominal Vopo. 
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Operating and Handling Considerations 
1. Handling 


All inputs and outputs of Harris CMOS devices have a 
network for electrostatic protection during handling. 


2. Operating 
Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
Vpp-Vss to exceed the absolute maximum rating. 


Input Signals 


To prevent damage to the input protection circuit, input 
signals should never be greater than Vpp nor less than Vsg. 
Input currents must not exceed 10mA even when the power 
supply is off. 


Unused Inputs 


A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vss, whichever is appropriate. 


Output Short Circuits 


Shorting of outputs to Vpp or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 


CMOS MICRO- 
PROCESSORS 


| 
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80C286 


High Performance Microprocessor 
January 1992 With Memory Management and Protection 


Features Pin Configurations 


¢ Compatible with NMOS 80286 
e Wide Range of Clock Rates: 


-DC to 25MHz (80C286-25) > 8846 6 4 4 6 


-DC to 20MHz (80C286-20) 
-DC to 16MHz (80C286-16) 


-DC to 12.5MHz (80C286-12) 
-DC to 10MHz (80C286-10) . 

e Static CMOS Design for Low Power Operation ec @ @& 
> ICCSB = 5mA Maximum aa @@® 

> ICCOP = 185mA Maximum (80C286-10) ne @) @ 
220mA Maximum (80C286-12) . SS 

260mA Maximum (80C286-16) ~~ @a@ 

310mA Maximum (80C286-20) ais 

) 


410mA Maximum (80C 286-25) 
e High Performance Processor (Up to 19 Times the 8086 Throughput) 
e Large Address Space: 
> 16 Megabytes Physical/1 Gigabyte Virtual per Task 
e Integrated Memory Management, Four-Leveil Memory Protection 
and Support for Virtual Memory and Operating Systems 
¢ Two 80C86 Upward Compatible Operating Modes: 
> 80C286 Real Address Mode > PVAM 
e Compatible with 80287 Numeric Data Co-Processor 
e High Bandwidth Bus Interface (25 Megabyte/Sec) 


At2 
AIS 
A17 
A19 


Al4 
A16 
Al8 
A20 


of the PC board. 


5 
4 
3 


@@@ 

@ Available in: Nc ERROR | G2) 63) G0) G2) 

> 68 Pin PGA (Commercial, Industrial, and Military) | BEEP Ne 1) © 

> 68 Pin PLCC (Commercial and Industrial) silage 
Description Ves PEREG 
The Harris 80C286 is a static CMOS version of the NMOS 80286 iy 
microprocessor. The 80C286 is an advanced, high-performance micro- cop/INTR Mid 
processor with specially optimized capabilities for multiple user and coCK oc 
multi-tasking systems. The 80C286 has built-in memory protection that 
supports operating system and task isolation as well as program and PIN 4 INDICATOR eis ix 
data privacy within tasks. A 25MHz 80C286 provides up to nineteen z 
times the throughput of a standard 5MHz 8086. The 80C286 includes |g 2 |2 


memory management capabilities that map 230 (one gigabyte) of virtual 


A21 
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@® 
CXS) 
@®@ 


@® 
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©@@O©O@OOOO 
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Component Pad View — As viewed from underside of 
the component when mounted on the board. 


ERROR NC 

NC BUSY 
INTR NC 

NMI ONG 
PEREQ Vss 
READY Vcc 
HLDA HOLD 
M/1G = COD/INTA 


NC LOCK 


PIN 1 INDICATOR 


P.C. Board View — As viewed from the component side 


address space per task into 224 bytes (16 megabytes) of physical P.C. Board View — As viewed from the component side 


of the P C. board 
memory. 


The 80C 286 is upwardly compatible with 80C86 and 80C88 sofware (the 
80C 286 instruction set is a superset of the 80C86/80C88 instruction 
set). Using the 80C286 real address mode, the 80C286 is object code 
compatible with existing 80C86 and 80C88 software. In protected virtual 
address mode, the 80C286 is source code compatible with 80C86 and 
80C88 software but may require upgrading to use virtual address as 
supported by the 80C286’s integrated memory management and 
protection mechanism. Both modes operate at full 80C286 performance 
and execute a superset of the 80C86 and 80C88 instructions. 


The 80C286 provides special operations to support the efficient 
implementation and execution of operating systems. For example, one 
instruction can end execution of one task, save its state, switch to a new 


task, load its state, and start execution of the new task. The 80C286 also Se SIT 


supports virtual memory systems by providing a segment-not-present 
exception and restartable instructions. 


CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed 
Copyright © Harris Corporation 1991 
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Ordering Information 


[soncio-resee | casccees-10[icsocess-ie | - | _- | 
___[Fasroter2500 [masocass tomes [wasoceee-rareea| «dt 
[aercwressc | _[seocass-ie _|isenczee-16 [isaoczee-20f 


*Respective /883 specifications are included at the end of this data sheet. 
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PACKAGE 
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Pin Description 


The following pin function descriptions are for the 80C286 microprocessor: 


TABLE 1. 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 
ETA A TE I a a LE TE CT TE TI TTT TET TE EN LLL EDD I I TE Te I TT TG ee ee SE 


SYSTEM CLOCK provides the fundamental timing for the 80C286 system It 1s divided 
by two inside the 80C286 to genenerate the processor clock The internal divide-by-two 
circuitry can be synchronized to an external clock generator by a LOW to HIGH 
transition on the RESET tnput. 


D75-Do DATA BUS inputs data during memory, I/O, and interrupt acknowledge read cycles, 
outputs data during memory and I/O write cycles. The data bus !s active HIGH and Is 
held at high impedance to the last valid logic level during bus hold acknowledge 


A23-Ag ADDRESS BUS. outputs physical memory and I/O port addresses. Ao3-A16 are LOW 
during I/O transfers. Ag is LOW when data Is to be transferred on pins D7-Dg (see table 
below) The address bus !s active High and floats to three-state off during bus hold 
acknowledge 


BHE 1 BUS HIGH ENABLE. indicates transfer of data on the upper byte of the data bus, 
D15-Dg Eight-bit oriented devices assigned to the upper byte of the data bus would 
normally use BHE to condition chip select functions BHE 1s active LOW and floats to 
three-state OFF during bus hold acknowledge. 


BHE and Ag Encodings 


Word transfer 

Byte transfer on upper half of data bus (D45-Dg) 
Byte transfer on lower half of data bus (D7-Dg) 
Reserved 


Sy, So 4,5 BUS CYCLE STATUS: indicates initiation of a bus cycle and along with M/IO and 


COD/INTA, defines the type of bus cycle. The bus Is ina Tg state whenever one or both 
are LOW Sj and Sg are active LOW and are held ata high tmpedance logic one during 
bus hold acknowledge. 


80C286 Bus Cycle Status Definition 


COD/INTA M/O I Sie. |b 80.| Bus Cycle Initiated 


Interrupt acknowledge 
Reserved 

Reserved 

None; not a status cycle 
If Az=1 then halt, else shutdown 
Memory data read 
Memory data write 
None, not a status cycle 
Reserved 

1/O read 

1/O write 

None; not a status cycle 
Reserved 

Memory instruction read 
Reserved 

None, not a status cycle 


ack 
an 
OLED ReaOe G 
Lr 
—~A|eara 32 Ood0°onco-_--++- 0000 
--0O0cH_+:o0o0+rf+/o0o0++00 
“-~osno-0-0040=00 


M/1O 67 MEMORY !/O SELECT: distinguishes memory access from I/O access. If HIGH during 
Ts, a memory cycle or a halt/shutdown cycle ts in progress. If LOW, an I/O cycle oran 
interrupt acknowledge cycle Is in progress M/IO Is held at high impedance to the last 
valid logic state during bus hold acknowledge 
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Pin Description 


TABLE 1. CONTINUED 


TYPE DESCRIPTION 


SYMBOL | NUMBER 


= 
z 


COD/INTA 


CODE/INTERRUPT ACKNOWLEDGE distinguishes instruction fetch cycles from 
memory data read cycles Also distinguishes interrupt acknowledge cycles from I/O 


cycles COD/INTA ts held at high impedance to the last valid logic state during bus hold 
acknowledge Its timing 1s the same as M/IO 


BUS LOCK indicates that other system bus masters are not to gaincontrol of the system 
bus for the current and following bus cycles The LOCK signal may be activated 
explicitly by the “LOCK” instruction prefix or automatically by 80C286 hardware during 
memory XCHG instructions, interrupt acknowledge, or descriptor table access. LOCK 
is active LOW and ts held at a high impedance logic one during bus hold acknowledge 


= 

O 

O 

x 
Os wo 


BUS READY terminates a bus cycle Bus cycles are extended without limit until 
terminated by READY LOW READY ts an active LOW synchronous tnput requiring 
setup and hold times relative to the system clock be met forcorrectoperation READY ts 
ignored during bus hold acknowledge (Note 1) 


HOLD 
HLDA 


BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership of the 80C286 
local bus The HOLD tnput allows another local bus master to request control of the 
local bus When control is granted, the 80C286 will float its bus drivers and then activate 
HLDA, thus entering the bus hold acknowledge condition The local bus will remain 
granted to the requesting master until HOLD becomes inactive which results in the 
80C286 deactivating HLDA and regaining control of the local bus This terminates the 
bus hold acknowledge condition HOLD may be asynchronous to the system clock. 
These signals are active HIGH Note that HLDA never floats. 


INTR INTERRUPT REQUEST requires the 80C286 to suspend its current program execution 
and service a pending external request Interrupt requests are masked whenever the 
interrupt enable bit in the flag word iscleared When the 80C 286 responds to an Interrupt 
request, tt performs two interrupt acknowledge bus cycles to read an 8-bit interrupt 
vector that identifies the source of the interrupt To ensure program interruption, INTR 
must remain active until an interrupt acknowledge bus cycle 1s Initiated. INTR ts 
sampled at the beginning of each processor cycle and must be active HIGH at least two 
processor cycles before the current instruction ends in order to interrupt before the next 
instruction INTR ts level sensitive, active HIGH, and may be asynchronous to the 
system clock 


CMOS MICRO- 
PROCESSORS 


Zz 
= 
on 
Ce) 


NON-MASKABLE INTERRUPT REQUEST interrupts the 80C286 with an internally 
supplied vector value of two No interrupt acknowledge cycles are performed. The 
interrupt enable bit in the 80C286 flag word does not affect this input The NMI input Is 
active HIGH, may be asynchronous to the system clock, and is edge triggered after 
internal synchronization For proper recognition, the input must have been previously 
LOW for at least four system clock cycles and remain HIGH for at least four system clock 
cycles 


PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE: extend the 
memory management and protection capabilities of the 80C286 to processor 
extensions. The PEREQ input requests the 80C286 to perform a data operand transfer 
for a processor extension. The PEACK output signals the processor extension when the 
requested operand is being transferred. PEREQ is active HIGH. PEACK is active LOW 
and is held at a high impedance logic one during bus hold acknowledge. PEREQ may be 
asynchronous to the system clock. 


DIV 
mj m 
| ae 
AIO 
@ 2 


m a 
a) 6° m 
A - 
I~ < 
or 

| ae ; 


PROCESSOR EXTENSION BUSY AND ERROR: indicates the operating condition of a 
processor extension to the 80C286. An active BUSY input stops 80C286 program 
execution on WAIT and some ESC instructions until BUSY becomes inactive (HIGH). 


The 80C286 may be interrupted while waiting for BUSY to become inactive. An active 
ERROR input causes the 80C286 to perform a processor extension interrupt when 
executing WAIT or some ESC instructions. These inputs are active LOW and may be 
asynchronous to the system clock 
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Pin Description 


SYMBOL 


TABLE 1. 


1 (HIGH) 
0 (LOW) 


is recommended 


NOTES: 


HIGH IMPEDANCE 


Operation of the 80C286 begins after a HIGH to LOW transition on RESET. The HIGH to 
LOW transition of RESET must be synchronous to the system clock. Approximately 50 
system clock cycles are required by the 80C286 for internal tnitializations before the first 
bus cycle to fetch code from the power-on execution address is performed A LOW to 
HIGH transition of RESET synchronous to the system clock will end a processor cycle at 
the second HIGH to LOW transition of the system clock The LOW to HIGH transition of 
RESET may be asynchronous to the system clock; however, in this case it cannot be 
predetermined which phase of the processor clock will occur during the next system 
clock period. Synchronous LOW to HIGH transitions of RESET are required only for 
systems where the processor clock must be phase synchronous to another clock 


SYSTEM GROUND : are the ground pins (all must be connected to system ground) 


SYSTEM POWER: +5 volt power supply pins. A 0 1F capacitor between pins 60 and 62 


CONTINUED 


PIN 
NUMBER TYPE DESCRIPTION 


SYSTEM RESET: clears the internal logic of the 80C286 and is active HIGH. The 80C286 
may be reinitialized at any time with a LOW to HIGH transition on RESET which remains 
active for more than 16 system clock cycles. During RESET active, the output pins of the 
80C286 enter the state shown below 


80C286 Pin State During Reset 


So,.$1, PEACK, Az3-Ao, BHE, LOCK 
M/IO, COD/INTA, HLDA (Note 2) 
D15-Do 


1. READY is an open-collector signal and should be pulled inactive with an appropriate resistor 


(6200 at 10MHz and 12.5 MHz, 4709 at 16MHz, 3902 at 20MHz, 270 at 25MHz). 


2. HLDA is only Low if HOLD is inactive (Low). 


3. All unused inputs should be pulled to their inactive state with pull up/down resistors. 


Functional Description 
introduction 


The Harris 80C286 microprocessor is a static CMOS 
version of the NMOS 80286 microprocessor. The 80C286 
is an advanced, high-performance microprocessor with 
specially optimized capabilities for multiple user and 
multi-tasking systems. Depending on the application, the 
80C286’s performance is up to nineteen times faster than 
the standard 5MHz 8086’s, while providing complete 
upward software compatibility with Harris 80C86 and 
80C88 CPU family. 


The 80C286 operates in two modes: 80C286 real address 
mode and protected virtual address mode. Both modes 
execute a superset of the 80C86 and 80C88 instruction set. 


In 80C286 real address mode programs use real addresses 
with up to one megabyte of address space. Programs use 
virtual addresses in protected virtual address mode, also 
called protected mode. In protected mode, the 80C286 
CPU automatically maps 1 gigabyte of virtual addresses per 
task into a 16 megabyte real address space. This mode also 
provides memory protection to isolate the operating system 
and ensure privacy of each tasks’ programs and data. Both 
modes provide the same base instruction set, registers and 
addressing modes. 


The Functional Description describes the following: Static 
operation, the base 80C286 architecture common to both 
modes, 80C286 real address mode, and finally, protected 
mode. 
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Static Operation 


The 80C286 is comprised of completely static circuitry. 
Internal registers, counters, and latches are static and 
require no refresh as with dynamic circuit design. This 
eliminates the minimum operating frequency restriction 
typically placed on microprocessors. The CMOS 80C286 
can operate from DC to the specified upper frequency 
limit. The clock to the processor may be stopped at any 
point (either phase one or phase two of the processor 
clock cycle) and held there indefinitely. There ts, 
however, a significant decrease in power requirement if 
the clock is stopped tn phase two of the processor clock 
cycle. Details on the clock relationships will be discussed 
In the Bus Operation section. The ability to stop the clock 
to the processor is especially useful for system debug or 
power critical applications. 


8O0C286 Base Architecture 


The 80C86, 80C88, and 80C286 CPU family all contain the 
same basic set of registers, instructions, and addressing 
modes The 80C286 processor is upwardly compatible 
with the 80C86 and 80C88 CPU's. 


Register Set 
The 80C286 base architecture has fifteen registers as 


shown tn Figure 1 These registers are grouped into the 
following four categories. 


The 80C286 can be single-stepped using only the 
CPU clock. This state can be maintained as long as 
necessary. Single step clock information allows simple 
interface circuitry to provide critical information for 
system debug. 


Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can 
provide low power operation since 80C286 power 
dissipation is directly related to operating frequency. As 
the system frequency is reduced, so is the operating 
power until, ultimately, with the clock stopped in phase 
two of the processor clock cycle, the 80C286 power 
requirement is the standby current (65mA maximum). 


GENERAL REGISTERS: Eight 16-bit general purpose 
registers used to contain arithmetic and logical operands. 
Four of these (AX, BX, CX and DX) can be used either in 
their entirety as 16-bit words or split into pairs of separate 
8-bit registers. 


SEGMENT REGISTERS: Four 16-bit special purpose 
registers select, at any given time, the segments of 
memory that are immediately addressable for code, stack 
and data. (For usage, refer to Memory Organization.) 


16-BIT SPECIAL 
REGISTER REGISTER 
NAME FUNCTIONS 
1§ 0 
BYTE MULTIPLY/DIVIDE cs CODE SEGMENT SELECTOR 
ADDRESSABLE | 
(8-BiT FOANSTRUCTIONS oS DATA SEGMENT SELECTOR 
REGISTER 
NAMES LOOP/SHIFT/REPEAT COUNT ss STACK SEGMENT SELECTOR 
SHOWN) 
ES EXTRA SEGMENT SELECTOR 
BASE REGISTERS 
SEGMENT REGISTERS 
15 0 
INDEX REGISTERS 
F FLAGS 
STACK POINTER IP INSTRUCTION POINTER 
MSW MACHINE STATUS WORD 
GENERAL 
REGISTERS STATUS AND CONTROL 
REGISTERS 


CMOS MICRO- 
PROCESSORS 


FIGURE 1. REGISTER SET 


! 
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STATUS FLAGS: 
CARRY 

PARITY 
AUXILIARY CARRY 
ZERO 

SIGN 

OVERFLOW 


11 10 


naos: Toe Lor [or De PT] MD NW MD 


MSW: 


\\\\ RESERVED 


NUNN'NNANTANANT ARAN ANANTANNNT NNN ANNNT NNN NANT ANN NNN EPS Bs 


PROCESSOR EXTENSION EMULATED 
MONITOR PROCESSOR EXTENSION 


CONTROL FLAGS 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


SPECIAL FIELDS 
VO PRIVILEGE LEVEL 
NESTED TASK FLAG 


TASK SWITCH 


PROTECTION ENABLE 


FIGURE 2. STATUS AND CONTROL REGISTER BIT FUNCTIONS 


BASE AND INDEX REGISTERS: Four of the general 
purpose registers may also be used to determine offset 
addresses of operands in memory. These registers may 
contain base addresses or indexes to particular locations 
within a segment. The addressing mode determines the 
specific registers used for operand address calculations. 


STATUS AND CONTROL REGISTERS: Three 16-bit 
special purpose registers record or control certain 
aspects of the 80C286 processor state. These include the 
Flags register and Machine Status Word register shown tn 


Figure 2, and the Instruction Pointer, which contains the 
offset address of the next sequential instruction to be 
executed. 


Flags Word Description 


The Flags word (Flags) records specific characteristics of 
the result of logical and arithmetic instrucitons (bits 0, 2, 
4,6, 7 and 11) and controls the operation of the 80C286 
within a given operating mode (bits 8 and 9). Flags is a 
16-bit register. The function of the flag bits is given in 
Table 2. 


TABLE 2. FLAGS WORD BIT FUNCTIONS 


BIT POSITION 


2 

ee ae 
ee 

10 


Carry Flag — Set on high-order bit carry or borrow, cleared otherwise 


Parity Flag — Set tf low-order 8-bits of result contain an even number of 1-bits, cleared 
otherwise 


Set on carry from or borrow to the low order four bits of AL, cleared otherwise 
Zero Flag — Set if result is zero, cleared otherwise 


Sign Flag — Set equal to high-order bit of result (0 tf positive, 1 if negative) 
Overflow Flag — Set if result is a too-large positive number or a too-small negative 
number (excluding sign-bit) to fit in destination operand, cleared otherwise 


Single Step Flag — Once set, a single step interrupt occurs after the next instruction 
executes TF 1s cleared by the single step interrupt 


CF 
PF 
AF 
ZF 
SF 
OF 
Interrupt-enable Flag — When set, maskable interrupts will cause the CPU to transfer 


control to an interrupt vector specified location 


Direction Flag — Causes string instructions to auto decrement the appropriate index 
registers when set Clearing DF causes auto increment 
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Instruction Set 


The instruction set ts divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula- 
tion, control transfer, high level instructions, and 
processor control. These categories are summarized in 
Figure 3. 


An 80C286 instruction can reference zero, one, or two 
operands, where an operand may reside tn a register, in 
the instruction itself, or in memory. Zero-operand 
instructions (e.g. NOP ane HLT) are usually one byte 
long. One-operand instructions (e.g. INC and DEC) are 
usually two bytes long but some are encoded in only one 
byte. One-operand instructions may reference a register 
or memory location. Two-operand instructions permit the 
following six types of instruction operations: 


e Register to Register 
¢ Memory to Register 
e Immediate to Register 


GENERAL PURPOSE 


MOV Move byte or word 


PUSH Push word onto stack 


XCHG 
XLAT 
OUT Output byte or word 


FIGURE 3A. DATA TRANSFER INSTRUCTIONS 


FIGURE 3C. STRING INSTRUCTIONS 


e Memory to Memory 
e Register to Memory 
e Immediate to Memory 


PUSHA 
POPA 


LEA 
LDS 
LES 


Two-operand instructions (e.g. MOV and ADD) are 
usually three to six bytes long. Memory to memory 
operations are provided by a spécial class of string 
instructions requiring one to three bytes. For detailed 
instruction formats and encodings refer to the instruction 
set summary at the end of this document. 


AA ASCIl adjust for addition 


Decimal adjust for addition 


SUBTRACTION 


pas | Decimal adustforsubtracion 


FIGURE 3B. ARITHMETIC INSTRUCTIONS 


“Test” byte or word 


[ROR | Rotate ightbyte orword 


FIGURE 3D. SHIFT/ROTATE LOGICAL INSTRUCTIONS 
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CONDITIONAL TRANSFERS 


LOOP Loop 


LOOPE/LOOPZ Loop if equal/zero 
LOOPNE/LOOPNZ Loop If not equal/not zero 


Jump If less or equal/not greater 
Jump If not carry 


JCXZ Jump if register CX = 0 


INTERRUPTS 


Interrupt 


INTO Interrupt if overflow 


Interrupt return 


Jump tf not equal/not zero 
Jump if not overflow 


FIGURE 3E. PROGRAM TRANSFER INSTRUCTIONS 


Memory Organization 
FLAG OPERATIONS 


Memory is organized as sets of variable-length segments. 
Set carry flag 


Each segment ts a linear contiguous sequence of up to 
64K (216) 8-bit bytes. Memory is addressed using a 
two-component address (a pointer) that consists of a 
16-bit segment selector and a 16-bit offset. The segment 
selector indicates the desired segment in memory. The 
offset component indicates the desired byte address 
within the segment. (See Figure 4). 


Set direction flag 

Clear direction flag 

Set interrupt enable flag 
Clear interrupt enable flag All instructions that address operands in memory must 
specify the segment and the offset. For speed and 
compact instruction encoding, segment selectors are 
usually stored in the high speed segment registers. An 
instruction need specify only the desired segment 
register and offset in order to address a memory operand. 


NO OPERATION 
No operation 


POINTER 
eee 


SEGMENT OFFSET 


31 16 15 0 


OPERAND 
SELECTED 


FIGURE 3F. PROCESSOR CONTROL INSTRUCTIONS 


Store machine status word 


SELECTED 
SEGMENT 


ENTER Format stack for procedure entry 
LEAVE Restore stack for procedure exit 


FIGURE 3G. HIGH LEVEL INSTRUCTIONS 


BOUND Detects values outside prescribed range 


MEMORY 


FIGURE 4. TWO COMPONENT ADDRESS 
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TABLE 3. SEGMENT REGISTER SELECTION RULES 


Memory 
Reference Needed 


Instructions 
Stack 


Local Data 


) 
External (Global) Data 


Most instructions need not explicitly specify which 
segment register is used The correct segment register Is 
automatically chosen according to the rules of Table 3. 
These rules follow the way programs are written (see 
Figure 5) as independent modules that require areas for 
code and data, a stack, and access to external data areas 


Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overriden 
for special cases. The stack, data and extra segments may 
coincide for simple programs. To access operands not re- 
siding in one of the four immediately available segments, 
a full 32-bit pointer or a new segment selector must be 
loaded. 


Addressing Modes 


The 80C286 provides a total of eight addressing modes for 
instructions to specify operands. Two addressing modes 
are provided for instructions that operate on register or 
immediate operands: 


REGISTER OPERAND MODE: The operand Is located in 
one of the 8 or 16-bit general registers. 


IMMEDIATE OPERAND MODE: The operand is included 
in the instruction. 


Six modes are provided to specify the location of an oper- 
and tin a memory segment. A memory operand address 
consists of two 16-bit components’ segment selector and 
offset. The segment selector is supplied by a segment 
register either implicitly chosen by the addressing mode 
or explicitly chosen by a segment override prefix. The off- 
set is calculated by summing any combination of the 
following three address elements: 


the displacement (an 8 or 16-bit immediate value 
contained in the instruction) 


the base (contents of either the BX or BP base registers) 


the index (contents of either the SI or DI index registers) 
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Segment Register Implicit Segment 
Used Selection Rule 
Code (CS Automatic with instruction prefetch 


) 
Stack (SS) All stack pushes and pops Any memory reference which uses BP asa 


base register 


S 
Data (DS All data references except when relative to stack or string destination 
ES Alternate data segment and destination of string operation 


CODE 
MODULE A 
DATA 


MODULE B 


PROCESS 
STACK 


CMOS MICRO- 
PROCESSORS 


PROCESS 
DATA 
BLOCK 1 


PROCESS 
DATA 
BLOCK 2 


een 


MEMORY 


| | 
| \ 
i i 
| | 
| 
i i 
J 


FIGURE 5. SEGMENTED MEMORY HELPS 
STRUCTURE SOFTWARE 
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Any carry out from the 16-bit addition is ignored. Eight-bit 
displacements are sign extended to 16-bit values. 


Combinations of these three address elements define the 
six memory addressing modes, described below. 


DIRECT MODE. The operand’s offset is contained in the 
instruction as an 8 or 16-bit displacement element. 


REGISTER INDIRECT MODE: The operand’s offset is in 
one of the registers SI, DI, BX or BP. 


BASED MODE: The operand’s offset is the sum of an 8 or 
16-bit displacement and the contents of a base register 
(BX or BP) 


INDEXED MODE: The operand’s offset 1s the sum of an8 
or 16-bit displacement and the contents of an index regis- 
ter (SI or Dl). 


BASED INDEXED MODE: The operand’s offset is the sum 
of the contents of a base register and an index register. 


BASED INDEXED MODE WITH DISPLACEMENT: The 
operand’s offset is the sum of a base register’s contents, 
an index register’s contents, and an 8 or 16-bit displace- 
ment. 


Data Types 
The 80C286 directly supports the following data types: 


Figure 6 graphically represents the data types supported 
by the 80C286. 


7 0 


SIGNED 
BYTE 


SIGN BIT -| j 
MAGNITUDE 


7 0 
UNSIGNED 
BYTE 


(i MSB 
MAGNITUDE 


14 +1) 97 0 0 
SIGNED 
WORD 


SIGN BIT ~,“- MSB 
MAGNITUDE 


+3 +2 +1 0 


SIGNED 31 16 15 
DOUBLE 
WORD* 
SIGN BIT/ ,“ MSB 
MAGNITUDE 
7 +6 +5 +4 +3 +2 #=+1 « «0 


+ 
SIGNED 63 48 47 32 31 1615 ) 


QUAD 
WORD* 


SIGN BIT +, MSB 
MAGNITUDE 


5 +1 0 0 


1 
UNSIGNED 
WORD 


_-MSB 
MAGNITUDE 


Integer: A signed binary numeric value contained in an 
8-bit byte or a 16-bit word. All operations assume 
a 2’s complement representation. Signed 32 and 
64-bit integers are supported using the 80287 
Numeric Data Processor. 

Ordinal: An unsigned binary numeric value contained tn 
an 8-bit byte or 16-bit word. 

Pointer: A 32-bit quantity, composed of a segment 
selector component and an offset component. 
Each component is a 16-bit word. 

String: A contiguous sequence of bytes or words. A 
string may contain from 1 byte to 64K bytes. 

ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

BCD: A byte (unpacked) representation of the decimal 
digits 0-9. 

Packed A byte (packed) representation of two decimal 

BCD: digits 0-9 storing one digit in each nibble of the 
byte. 

Floating A signed 32, 64 or 80-bit real number 

Point: representation. (Floating point operands are 


supported using the 80287 Numeric Processor 
extension). 
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DIGIT N 
7 ++N 0 


ASCII 
CHARACTERN 


7 +N 4g 
PACKED 
Ld 


MOST 
SIGNIFICANT DIGIT 


ms tN 9g 
BYTE/WORD N 
3 «+3 +2 
POINTER 
SELECTOR 


BCD BCD 
DIGIT 1 DIGIT 0 


+1 0 


7 07 0 


ASCIl ASCII 
CHARACTER; CHARACTER) 


7 +1 97 O 4 


eee 


meee | 
LEAST 
SIGNIFICANT DIGIT 


+1 


7IN5 o7ms 9 og 


BYTE/WORD 1 BYTE/WORD 0 


+1 0 


16 15 0 


7 t9 +8 +7 #+6 +5 +4 #+¢+3 #+2 = +1 


FLOATING 
POINT* 
ann eet) Celene ae eterna rere seeseenr re 


SIGN BIT ~ 
EXPONENT 


*Supported by 80C286/80287 Numeric Data Processor Configuration 


MAGNITUDE 


FIGURE 6. 80C286 SUPPORTED DATA TYPES 
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TABLE 4. INTERRUPT VECTOR ASSIGNMENTS 


FUNCTION NUMBER 


Divide error exception 
Single step interrupt 


NMI interrupt 


8-15 


1/O Space 


The I/O space consists of 64K 8-bit ports, 32K 16-bit ports, 
or a combination of the two. I/O instructions address the 
1/O space with either an 8-bit port address, specified inthe 
instruction, or a 16-bit port address in the DX register. 
8-bit port addresses are zero extended such that A15-Ag 
are LOW. I/O port addresses OOF8(H) through OOFF(H) 
are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and machine 
state (Flags) are saved on the stack to allow resumption of 
the interrupted program. Interrupts fall into three classes: 
hardware initiated, INT instructions, and instruction 
exceptions Hardware initiated interrupts occur in 
response to an external input and are classified as 
non-maskable or maskable. Programs may cause an 
interrupt with an INT instruction. Instruction exceptions 
occur when an unusual condition which prevents further 
instruction processing is detected while attempting to 
execute an instruction. The return address from an 
exception will always point to the instruction causing the 
exception and include any leading instruction prefixes. 


A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0- 
31, some of which are used for instruction exceptions, are 
reserved For each interrupt, an 8-bit vector must be 
supplied to the 80C286 which identifies the appropriate 
table entry. Exceptions supply the interrupt vector inter- 
nally INT instructions contain or imply the vector and 
allow access to all 256 Interrupts. Maskable hardware 
Initiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. Non- 
maskable hardware interrupts use a predefined internally 
supplied vector. 


INTERRUPT 


Processor extension error interrupt ESC or WAIT 
User defined 32-255 


DOES RETURN ADDRESS 
POINT TO INSTRUCTION 
CAUSING EXCEPTION? 


RELATED 
INSTRUCTIONS 


Maskable Interrupt (INTR) 


The 80C286 provides a maskable hardware interrupt 
request pin, INTR. Software enables this input by setting 
the interrupt flag bit (IF) in the flag word. All 224 
user-defined interrupt sources can share this input, yet 
they can retain separate interrupt handlers. An 8-bit 
vector read by the CPU during the interrupt acknowledge 
sequence (discussed in System Interface section) 
identifies the source of the interrupt. 


The processor automatically disables further maskable 
interrupts internally by resetting the IF as part of the 
response to an interrupt or exception. The saved flag 
word will reflect the enable status of the processor prior to 
the interrupt. Until the flag word is restored to the flag 
register, the interrupt flag will be zero unless specifically 
set. The interrupt return instruction includes restoring the 
flag word, thereby restoring the original status of IF. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt input (NMI) is also provided. 
NMI has higher priority than INTR. A typical use of NMI 
would be to activate a power failure routine. The 
activation of this input causes an interrupt with an 
internally supplied vector value of 2. No external interrupt 
acknowledge sequence is performed. 


While executing the NMI servicing procedure, the 80C286 
will service neither further NMI requests, INTR requests, 
nor the processor extension segment overrun interrupt 
until an interrupt return (IRET) instruction is executed or 
the CPU is reset. If NMI occurs while currently servicing 
an NMI, its presence will be saved for servicing after 
executing the first IRET instruction. IF is cleared at the 
beginning of an NMI interrupt to inhibit INTR interrupts. 
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Single Step Interrupt 


The 80C286 has an internal interrupt that allows programs 
to execute one instruction at a time. It is called the single 
step interrupt and is controlled by the single step flag bit 
(TF) in the flag word. Once this bit is set, an internal single 
step interrupt will occur after the next instruction has 
been executed. The interrupt clears the TF bit and uses an 
internally supplied vector of 1. The IRET instruction is 
used to set the TF bit and transfer control to the next 
instruction to be single stepped. 


interrupt Priorities 


When simultaneous interrupt requests occur, they are 
processed in a fixed order as shown in Table 5. Interrupt 
processing involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the 
interrupt handler. If another enabled interrupt should 
occur, it is processed before the next instruction of the 
current interrupt handler is executed. The last interrupt 
processed is therefore the first one serviced. 


TABLE 5. INTERRUPT PROCESSING ORDER 


ORDER INTERRUPT 


[ead Instruction exception 


Se 
4 Processor extension segment overrun 


INTR 


ee) INT instruction 


Initialization and Processor Reset 


Processor initialization or start up is accomplished by 
driving the RESET input pin HIGH. RESET forces the 
80C286 to terminate all execution and local bus activity. 
No instruction or bus activity will occur as long as RESET 
is active. After RESET becomes inactive, and an internal 
processing interval elapses, the 80C286 begins execution 
in real address mode with the instruction at physical 
location FFFFFO(H). RESET also sets some registers to 
predefined values as shown In Table 6. 


TABLE 6. 80C286 INITIAL REGISTER STATE AFTER RESET 


Flag word 0002(H) 
FFFO(H) 
) 


FFFO(H 


Machine status word 
Instruction pointer 

FOO0(H) 
0000(H) 
0000(H) 
0000(H) 


Code segment 


Data segment 
Extra segment 


Stack segment 


HOLD must not be active during the time from the leading 
edge of the initial RESET to 34 CLKs after the trailing edge 
of the initial RESET of an 80C286 system. 


Machine Status Word Description 


The machine status word (MSW) records when a task 
switch takes place and controls the operating mode ofthe 
80C286. It is a 16-bit register of which the lower four bits 
are used. One bit places the CPU into protected mode, 
while the other three bits, as shown in Table 7, control the 


TABLE 7. MSW BIT FUNCTIONS 


BIT POSITION 


except by RESET. 
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Protected mode enable places the 80C286 into protected mode and cannot be cleared 


Monitor processor extension allows WAIT instructions to cause a processor extension 
not present exception (number 7) 


Emulate processor extension causes a processor extension not present exception 
(number 7) on ESC tnstructions to allow emulating a processor extension 


Task switched indicates the next instruction using a processor extension will cause 
exception 7, allowing software to test whether the current processor extension context 
belongs to the current task. 


80C286 


TABLE 8. RECOMMENDED MSW ENCODINGS FOR PROCESSOR EXTENSION CONTROL 


INSTRUCTIONS 
CAUSING 
RECOMMENDED USE EXCEPTION 7 


Initial encoding after RESET 80C286 operation ts identical to None 
80C86/88 

No processor extension is avatlable Software will emulate its 

function 


A processor extension exists 


A processor extension exists The current processor extension ESC or WAIT 
context may belong to another task The exception 7 on WAIT allows 

software to test for an error pending from a previous processor 

extension operation 


processor extension interface After RESET, this register Halt 

contains FFFQ(H) which places the 80C286 in 80C 286 real 

address mode The HLT instruction stops program execution and 
prevents the CPU from using the local bus until restarted. 

The LMSW and SMSW instructions can load andstorethe Either NMI, INTR with IF = 1, or RESET will force the 

MSW itn realaddress mode The recommended useofTS, 80C286 out of halt. If interrupted, the saved CS:!P will 

EM, and MP ts shown tn Table 8. point to the next instruction after the HLT. 


No processor extension is available Software will emulate its 
function The current processor extension context may belong to 
another task 


80C286 Real Address Mode 


The 80C286 executes a fully upward-compatible superset to wrap around the end of a segment (e.g. a word with its 
of the 80C86 Instruction set In real address mode. In real low order byte at offset FFFF(H) and its high order byte at 
address mode the 80C286 |s object code compatible with offset OO00(H). If, in real address mode, the information 
80C86 and 80C88 software. The real address mode _ contained tn a segment does not use the full 64K bytes, 
architecture (registers and addressing modes) is exactly the unused end of the segment may be overlayed by 
as described in the 80C286 Base Architecture section of | another segment to reduce physical memory require- 
this Functional Description. ments. 
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Memory Size 


0 
Physical memory Is a contiguous array of up to 1,048,576 ooo] orrser OFFSET 
bytes (one megabyte) addressed by pins Ag through A19 ADDRES? 
and BHE Ago through Ag3 should be ignored. 


Memory Addressing 


SEGMENT 


In real address mode physical memory !s a contiguous 
ADDRESS 


array of up to 1,048,576 bytes (one megabyte) addressed 
by pin Ag through Ayg and BHE. Address bits A29-A23 
may not always be zero in real mode. Ag9-A23 should not 
be used by the system while the 80C286 Is operating in 
Real Mode. 


The selector portion of a pointer is interpreted as the 
upper 16-bits of a 20-bit segment address. The lower four 
bits of the 20-bit segment address are always zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes See Figure 7 for a graphic representation of = : 
address information. 
All segments In real address mode are 64K bytes In size 


and may be read, written, or executed. An exception or in- FIGURE 7. 80C286 REAL ADDRESS MODE ADDRESS 
terrupt can occur tf data operands or instructions attempt CALCULATION 
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TABLE 9. REAL ADDRESS MODE ADDRESSING INTERRUPTS 


Processor extension segment overrun 
interrupt 


13 


Segment overrun exception 


Reserved Memory Locations 


The 80C286 reserves two fixed areas of memory tn real ad- 
dress mode (see Figure 8), system initialization area and 
interrupt table area. Locations from addresses FFFFQ(H) 
through FFFFF(H) are reserved for system initialization. 
Initial execution begins at location FFFFOQ(H) Locations 
00000(H) through OO3FF(H) are reserved for interrupt 
vectors. 


FFFFFH 
RESET BOOTSTRAP 


PROGRAM JUMP 
: : FFFFOH 


INTERRUPT POINTER 
FOR VECTOR 255 


INTERRUPT POINTER 
FOR VECTOR 1 


INTERRUPT POINTER 
FOR VECTOR 0 


INITIAL CS:IP VALUE IS F000:FFFO. 


FIGURE 8. 80C286 REAL ADDRESS MODE INITIALLY 
RESERVED MEMORY LOCATIONS 


Interrupts 


Table 9 shows the interrupt vectors reserved for excep- 
tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing before 
attempting to execute the failing instruction (except for 


Protected Virtual Address Mode 


The 80C 286 executes a fully upbward-compatible superset 
of the 80C86 instruction set in protected virtual address 
mode (protected mode). Protected mode also provides 
memory management and protection mechanisms and 
associated instructions. 


The 80C286 enters protected virtual address mode from 
real address mode by setting the PE (Protection Enable) 
bit of the machine status word with the Load Machine 
Status Word (LMSW) instruction. Protected mode offers 


INTERRUPT RELATED RETURN ADDRESS 
FUNCTION NUMBER INSTRUCTIONS BEFORE INSTRUCTION 
INT vector is not within table limit 
ESC with memory operand extending No 
beyond offset FFFF(H) 
Word memory reference with offset = 


FFFF(H) or an attempt to execute past 
the end of a segment 


Yes 


PUSH, POP, PUSHA, or POPA). Refer to the next section 
on protected mode initialization for a discussion on 
exception 8. 


Protected Mode Initialization 


To prepare the 80C286 for protected mode, the LIDT 
instruction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode interrupt table. 
This instruction can also set a base and limit for the 
interrupt vector table in real address mode. After reset, the 
interrupt table base is initialized to O00000(H) and its size 
set to O3FF(H). These values are compatible with 80C86 
and 80C88 software. LIDT should only be executed tn 
preparation for protected mode. 


Shutdown 


Shutdown occurs when a severe error is detected that 
prevents further instruction processing by the CPU. 
Shutdown and halt are externally signalled via a halt bus 
operation. They can be distinguished by Ay HIGH for halt 
and A; LOW for shutdown. In real address mode, 
shutdown can occur under two conditions: 


e Exceptions 8 or 13 happen and the IDT limit does not 
include the interrupt vector. 


e A CALL INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 


An NMI input can bring the CPU out of shutdown if the 
IDT limit is at least OOOF(H) and SP is greater than 
0005(H), otherwise shutdown can only be exited via the 
RESET input. 


extended physical and virtual memory address space, 
memory protection mechanisms, and new operations to 
support operating systems and virtual memory. 


All registers, instructions, and addressing modes de- 
scribed in the 80C286 Base Architecture section of this 
Functional Description remain the same. Programs for 
the 80C86, 80C88, and real address mode 80C286 can be 
run in protected mode; however, embedded constants for 
segment selectors are different. 
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Memory Size 


The protected mode 80C286 provides a 1 gigabyte virtual 
address space per task mapped into a 16 megabyte 
physical address space defined by the address pins 
A23-Ao and BHE The virtual address space may be larger 
than the physical address space since any use of an 
address that does not map toa physical memory location 


will cause a restartable exception 
CPU 


31 


SELECTOR] OFFSET 


POINTER 


PHYSICAL MEMORY 
N N 


ADDRESS 
— SEGMENT 
SEGMENT BASE SEGMENT DESCRIPTOR 
gto oes 


= 
~w aw) 
FIGURE 9. PROTECTED MODE MEMORY ADDRESSING 


Memory Addressing 


As in real address mode, protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset 
components The selector, however, specifies an index 
into amemory resident table rather than the upper 16-bits 
of areal memory address. The 24-bit base address of the 
desired segment ts obtained from the tables in memory. 
The 16-bit offset is added to the segment base address to 
form the physical address as shown inFigure9 Thetables 


are automatically referenced by the CPU whenever a 
segment register is loaded with a selector. All 80C286 
instructions which load a segment register will reference 
the memory based tables without additional software. The 
memory based tables contain 8 byte values called 
descriptors 


Descriptors 


Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of 
control and task switching. The 80C286 has segment 
descriptors for code, stack and data segments, and 
system control descriptors for special system data 
segments and control transfer operations. Descriptor 
accesses are performed as locked bus operations to 
assure descriptor integrity in multi-processor systems. 


Code and Data Segment Descriptors (S = 1) 


Besides segment base addresses, code and data descrip- 
tors contain other segment attributes including segment 
size (1 to 64K bytes), access rights (read only, read/write, 
execute only, and execute/read), and presence in 
memory (for virtual memory systems) (See Figure 10). 
Any segment usage violating a segment attribute 
indicated by the segment descriptor will prevent the 
memory cycle and cause an exception or interrupt. 


CODE OR DATA SEGMENT DESCRIPTOR 


7 0 7 0 


RESERVED* 


ACCESS 
YP ASE 93. +4 
RIGHTS BYTE a [Pp] oec|s| tvee | a crac 
+3 BASE 15-0 +2 
+4 LIMIT 15-0 0 
15 8 7 0 


“Must be set to 0 for compatability with future upgrades 


ACCESS RIGHTS BYTE DEFINITION 


Executable (E) 
Expansion Direc- 
tion (ED) 

Writeable (W) 


7 Present (P) 

6-5 Descriptor Privilege 
Level (DPL) 

4 Segment Descrip- =1 
tor (S) =9 

3 

2 

1 


tie Executable (E) = 4 Code Segment Descriptor type is: If 

Definition Conforming (C) = 1 Code segment may only be executed Code 
when CPL 2 DPL and CPL Segment 
remains unchanged. 


Readable (R) 


Accessed (A) 


Bit 


Segment is mapped into physical memory 

No mapping to physical memory exits, base and limit are 
not used 

Segment privilege attribute used in privilege tests. 


Code or Data (includes stacks) segment descriptor 
System Segment Descriptor or Gate Descriptor 


Data segment descriptor type is 
Expand up segment, offsets must be < limit Data 
1 Expand down segment, offsets must be > limit. 
0 Data segment may not be written into = 
1 Data segment may be written into. 


= Code segment may not be read 
= Code segment may be read. 


(S = 1, 
E = 1) 


FIGURE 10. CODE AND DATA SEGMENT DESCRIPTOR FORMATS 
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Code and data (including stack data) are stored in two 
types of segments: code segments and data segments. 
Both types are identified and defined by segment 
descriptors (S = 1). Code segments are identified by the 
executable (E) bit set to 1 in the descriptor access rights 
byte. The access rights byte of both code and data 
segment descriptor types have three fields in common: 
present (P) bit, Descriptor Privilege Level (DPL), and 
accessed (A) bit. If P = 0, any attempted use of this 
segment will cause a not-present exception. DPL 
specifies the privilege level of the segment descriptor. 
DPL controls when the descriptor may be used by a task 
(refer to privilege discussion below). The A bit shows 
whether the segment has been previously accessed for 
usage profiling, a necessity for virtual memory systems. 
The CPU will always set this bit when accessing the 
descriptor. 


Data segments (S = 1, E = 0) may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W =0Q) data segments may not be written 
into. Data segments may grow in two directions, as 
determined by the Expansion Direction (ED) bit: upwards 
(ED = 0) for data segments, and downwards (ED = 1) fora 
segment containing a stack. The limit field for a data 
segment descriptor is interpreted differently depending 
on the ED bit (see Figure 10). 


A code segment (S = 1, E = 1) may be execute-only or 
execute/read as determined by the Readable (R) bit. Code 
segments may never be written into and execute-only 
code segments (R = 0) may not be read. A code segment 
may also have an attribute called conforming (C). A 
conforming code segment may be shared by programs 
that execute at different privilege levels. The DPL of a 
conforming code segment defines the range of privilege 
levels at which the segment may be executed (refer to 
privilege discussion below). The limit field identifies the 
last byte of a code segment. 


System Segment Descriptors (S = 0, Type = 1-3) 


In addition to code and data segment descriptors, the 
protected mode 80C286 defines System Segment 
Descriptors. These descriptors define special system data 
segments which contain a table of descriptors (Local 
Descriptor Table Descriptor) or segments which contain 
the execution state of a task (Task State Segment 
Descriptor). 


Figure 11 gives the formats for the special system data 
segment descriptors. The descriptors contain a 24-bit 
base address of the segment and a 16-bit limit. The access 
byte defines the type of descriptor, its state and privilege 
level. The descriptor contents are valid and the segmentis 
in physical memory if P = 1. If P = 0, the segment is not 
valid. The DPL field is only used in Task State Segment 
descriptors and indicates the privilege level at which the 
descriptor may be used (see Privilege). Since the Local 
Descriptor Table descriptor may only be used by a special 
privileged instruction, the DPL field is not used. Bit 4 of 
the access byte is 0 to indicate that it is a system control 
descriptor. The type field specifies the descriptor type as 
indicated in Figure 11. 


SYSTEM SEGMENT DESCRIPTOR 
7 07 0 


RESERVED* 


lor [ol re, | eee 
BASE 15-0 
LIMIT 15-0 


*Must ee set to 0 for re with future ae 
SYSTEM SEGMENT DESCRIPTOR FIELDS 


| Name | Value | Description 
TYPE Available Task State Segment (TSS) 
2 Loca! Descriptor Table 
Busy Task State Segment (TSS) 
Descriptor contents are not valid 
Descriptor contents are valid 
| pPL | 0-3 | Descriptor Privilege Level 
24-bit Base Address of special system data 
number | segment in real memory 
LIMIT 16-bit | Offset of last byte in segment 
number 


FIGURE 11. SYSTEM SEGMENT DESCRIPTOR FORMAT 
Gate Descriptors (S = 0, Type = 4-7) 


+7 


+5 


+3 


+1 


Gates are used to control access to entry points within the 
target code segment. The gate descriptors are call gates, 
task gates, interrupt gates and trap gates. Gates providea 
level of indirection between the source and destination of 
the control transfer. This indirection allows the CPU to 
automatically perform protection checks and control 
entry point of the destination. Call gates are used to 
change privilege levels (see Privilege), task gates are used 
to perform a task switch, and interrupt and trap gates are 
used to specify interrupt service routines. The tnterrupt 
gate disables interrupts (resets IF) while the trap gate 
does not. 


Figure 12 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to the 
descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 
gate, and call gate must refer to a code segment 
descriptor. These gate descriptors contain the entry point 
to prevent a program from constructing and using an 
illegal entry point. Task gates may only refer to a task state 
segment. Since task gates invoke a task switch, the 
destination offset is not used in the task gate. 


Exception 13 is generated when the gate ts used if a 
destination selector does not refer to the correct 
descriptor type. The word count field Is used in the call 
gate descriptor to indicate the number of parameters 
(0-31 words) to be automatically copied from the caller’s 
stack to the stack of the called routine when a control 
transfer changes privilege levels. The word count field is 
not used by any other gate descriptor. 


The access byte format is the same for all descriptors. P = 
1 indicates that th gate contents are valid. P = 0 indicates 
the contents are not valid and causes exception 11 if 
referenced. DPL is the descriptor privilege level and 
specifies when this descriptor may be used by a task (refer 
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to privilege discussion below). Bit 4 must equal 0 to 
indicate a system control descriptor. The type field 
specifies the descriptor type as indicated in Figure 12. 


GATE DESCRIPTOR 
7 07 0 


RESERVED* 
WORD 
DPL TYPE |X X X{ COUNT, +4 


-0 
DESTINATION SELECTOR 15.9 +2 


+7 


DESTINATION OFFSET 15_9 


15 8 7 0 


“Must be set to 0 for compatibility with future upgrades 


GATE DESCRIPTOR FIELDS 


-Call Gate 
-—Task Gate 

—Interrupt Gate 
-Trap Gate 


~Descnptor Contents are not 
valid 

-Descniptor Contents are 
valid 


Number of words to copy 
from callers stack to ca'led 

procedures stack Only used 
with cail gate 


Selector to the target code 

segment (Call, interrupt or 

Trap Gate) 

SELECTOR Selector to the target task 
state segment (Task Gate) 


DESTINATION Entry point within the target 
OFFSET code segment 


FIGURE 12. GATE DESCRIPTOR FORMAT 


DESTINATION 


selector 


Segment Descriptor Cache Registers 


A segment descriptor cache register is assigned to each 
of the four segment registers (CS, SS, DS, ES). Segment 
descriptors are automatically loaded (cached) into a 
segment descriptor cache register (Figure 13) whenever 
the associated segment register is loaded with a selector. 


PROGRAM VISIBLE 


SEGMENT SELECTORS 


cs 
os 
ss 
ES 
15 0 


SEGMENT REGISTERS 
(LOADED BY PROGRAM) 


er PROGRAMINVISIBLE| SS 7 


ACCESS 
RIGHTS SEGMENT PHYSICAL BASE ADDRESS SEGMENT SIZE 


a7 0 3 16 18 0 


SEGMENT DESCRIPTOR CACHE REGISTERS 
L. (AUTOMATICALLY LOADED BY CPU) J 


FIGURE 13. DESCRIPTOR CACHE REGISTERS 


Only segment descriptors may be loaded into segment 
descriptor cache registers. Once loaded, all references to 
that segment of memory use the cached descriptor 
information instead of reaccessing the descriptor. The 
descriptor cache registers are not visible to programs. No 
instructions exist to store their contents. They only 
change when a segment register is loaded. 


Selector Fields 


A protected mode selector has three fields: descriptor 
entry index, local or global descriptor table indicator (TI), 
and selector privilege (RPL) as shown in Figure 14. These 
fields select one of two memory based tables of 
descriptors, select the appropriate table entry and allow 
high-speed testing of the selector’s privilege attribute 
(refer to privilege discussion below). 


SELECTOR 
15 8 7 21 0 
BITS NAME FUNCTION 


REQUESTED 
PRIVILEGE 
LEVEL 
(RPL) 


INDICATES SELECTOR PRIVILEGE 
LEVEL DESIRED 


TABLE Ti = 0 USE GLOBAL DESCRIPTOR TABLE 

INDICATOR (GDT) 

(TI) Tl = 1 USE LOCAL DESCRIPTOR TABLE 
(LDT) 


j iwoex SELECT DESCRIPTOR ENTRY IN TABLE 


FIGURE 14. SELECTOR FIELDS 


Local and Global Descriptor Tables 


Two tables of descriptors, called descriptor tables, 
contain all descriptors accessible by a task at any given 
time A descriptor table is a linear array of up to 8192 
descriptors The upper 13 bits of the selector value are an 
index into a descriptor table. Each table has a 24-bit base 
register to locate the descriptor table in physical memory 
and a 16-bit limit register that confine descriptor access to 
the defined limits of the table as shown in Figure 15. A 
restartable exception (13) will occur if an attempt is made 
to reference a descriptor outside the table limits. 


MEMORY 
~ ~N— 


GDT 


DESCR 
SELECTOR 


6 0 +f 


CURRENT 
LOT LIMIT LDT 


LDT BASE aS 


24-BIT PHYS AD 
PROGRAM INVISIBLE | 
(AUTOMATICALLY 
LOADED | 
FROM LOT DESCR 
WITHIN GDT) 


nN 
w 


r 
| 
| 
| 
| 
| 


INCREASING 
MEMORY 
ADDRESSES 


r--- 


seein tastiest 


FIGURE 15. LOCAL AND GLOBAL DESCRIPTOR TABLE 
DEFINITION 
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One table, called the Global Descriptor table (GDT), 
contains descriptors available to all tasks. The other table, 
called the Local Descriptor Table (LDT), contains 
descriptors that can be private to a task. Each task may 
have its own private LDT. The GDT may contain all 
descriptor types except interrupt and trap descriptors. 
The LDT may contain only segment, task gate, and call 
gate descriptors. Asegment cannot be accessed by a task 
if its segment descriptor does not exist in either descriptor 
table at the time of access. 


The LGDT and LLDT instructions load the base and limit 
of the global and local descriptor tables. LGDT and LLDT 
are privileged, |.e. they may only be executed by trusted 
programs operating at level 0. The LGDT instruction 
loads a six byte field containing the 16-bit table limit and 
24-bit physical base address of the Global Descriptor 
Table as shown in Figure 16. The LDT instruction loads a 
selector which refers to a Local Descriptor Table 
descriptor containing the base address and limit for an 


LDT, as shown in Figure 11. 
7 0 7 0 


15 8 7 0 


*Must be set to 0 for compatability with future upgrades 


FIGURE 16. GLOBAL DESCRIPTOR TABLE AND 
INTERRUPT DESCRIPTOR TABLE DATA TYPE 


+5 +4 


+3 +2 


+1 


Interrupt Descriptor Table 


The protected mode 80C286 has a third descriptor table, 
called the Interrupt Descriptor Table (IDT) (see Figure 
17), used to define up to 256 interrupts. It may contain 
only task gates, interrupt gates and trap gates. The IDT 
(Interrupt Descriptor Table) has a 24-bit physical base 
and 16-bit limit register in the CPU. The priviledged LIDT 
instruction loads these registers with a six byte value of 
identical form to that of the LGDT instruction (see Figure 
16 and Protected Mode Initialization). 


MEMORY 


INTERRUPT 
DESCRIPTOR 
TABLE 

(IDT) 


GATE FOR 
INTERRUPT#0 


1OT LIMIT 
IDT BASE 


INCREASING 


MEMORY 
ADDRESSES 


FIGURE 17. INTERRUPT DESCRIPTOR TABLE DEFINITION 


References to IDT entries are made via INT instructions, 
external interrupt vectors, or exceptions. The IDT must be 
at least 256 bytes in size to allocate space for all reserved 
interrupts. 


Privilege 


The 80C286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and 
access to descriptors (and their associated segments) 


within a task. Four-level privilege, as shown in Figure 18, 
is an extension of the userssupervisor mode commonly 
found in minicomputers. The privilege levels are 
numbered 0 through 3. Level 0 is the most privileged level. 
Privilege levels provide protection within a task. (Tasks 
are isolated by providing private LDT’s for each task.) 
Operating system routines, interrupt handlers, and other 
system software can be included and protected within the 
virtual address space of each task using the four levels of 
privilege. Each task in the system has a separate stack for 
each of its privilege levels. 


Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege affects the use of instructions and 
descriptors. Descriptor and selector privilege only affect 
access to the descriptor. 


APPLICATIONS 
cPu 

ENFORCED 
SOFTWARE 


OS EXTENSIONS 
INTERFACES 


PKERNEL 
PL =0 
MOST 

PRIVILEGED, 


HIGH SPEED 
OPERATING 
SYSTEM 

INTERFACE 


NOTE PL becomes numerically lower as privilege level increases 
FIGURE 18. HIERARCHICAL PRIVILEGE LEVELS 


Task Privilege 


A task always executes at one of the four privilege levels. 
The task privilege level at any specific instant is called the 
Current Privilege Level (CPL) and is defined by the lower 
two bits of the CS register. CPL cannot change during 
execution in a single code segment. A task’s CPL may 
only be changed by control transfers through gate 
descriptors to a new code segment (See Control 
Transfer). Tasks begin executing at the CPL value 
specified by the code segment selector within TSS when 
the task is initiated via a task switch operation (See Figure 
19). A task executing at Level 0 can access all data 
segments defined in the GDT and the task’s LDT and is 
considered the most trusted level. A task executing a 
Level 3 has the most restricted access to data and is 
considered the least trusted level. 


Descriptor Privilege 


Descriptor privilege is specified by the Descriptor 
Privilege Level (DPL) field of the descriptor access byte. 
DPL specifies the least trusted task privilege level (CPL) at 
which a task may access the descriptor. Descriptors with 
DPL = 0 are the most protected Only tasks executing at 
privilege level 0 (CPL = 0) may access them. Descriptors 
with DPL = 3 are the least protected (!.e. have the least 
restricted access) since tasks can access them when 
CPL = 0, 1, 2, or 3). This rule applies to all descriptors, 
except LDT descriptors. 
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TABLE 10. DESCRIPTOR TYPES USED FOR CONTROL TRANSFER 


Intersegment to the same or higher privilege 
level Interrupt within task may change CPL. 


“NT (Nested Task bit of flag word) 


Selector Privilege 


Selector privilege is specified by the Requested Privilege 
Level (RPL) field in the least significant two bits of a 
selector. Selector RPL may establish a less trusted 
privilege level than the current privilege level for the use of 
a selector. This level is called the task’s effective privilege 
level (EPL). RPL can only reduce the scope of a task’s 
access to data with this selector. A task’s effective 
privilege is the numeric maximum of RPL and CPL. A 
selector with RPL = 0 imposes no additional restriction on 
its use while a selector with RPL = 3 can only refer to 
segments at privilege Level 3 regardless of the task’s CPL. 
RPL is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed to use 
data at a more privileged level than the caller (refer to 
pointer testing instructions). 


Descriptor Access and Privilege Validation 


Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the 
instruction used, the type of descriptor used and CPL, 
RPL, and DPL. The two basic types of segment accesses 
are control transfer (selectors loaded into CS) and data 
(selectors loaded into DS, ES or SS). 


Data Segment Access 


Instructions that load selectors into DS and ES must refer 
to a data segment descriptor or readable code segment 
descriptor. The CPL of the task and the RPL of the 
selector must be the same as or more privileged 
(numerically equal to or lower than) than the descriptor 
DPL. In general, a task can only access data segments at 
the same or less privileged levels than the CPL or RPL 
(whichever is numerically higher) to prevent a program 
from accessing data it cannot be trusted to use. 


An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from any 
privilege level. 


DESCRIPTOR DESCRIPTOR 
CONTROL TRANSFER TYPES OPERATION TYPES REFERENCED TABLE 


Intersegment within the same privilege levels JMP, CALL, RET, IRET* Code Segment 
CALL Call Gate 


Interrupt Instruction, Exception Trap or Interrupt 
External Interrupt Gate 
Intersegment to a lower privilege level RET, IRET* Code Segment 
(changes task CPL) 


CALL, JMP Task State Segment 
Task Switch CALL, JMP Task Gate Sag 
IRET** 
Interrupt Instruction, Exception Task Gate 
External Interrupt 


GDT/LDT 
GDT/LDT 


GDT/LDT 


**NT (Nested Task bit of flag word) = 1 


lf the privilege checks fail (e.g. DPL is numerically less 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g. gate descriptor or 
execute only code segment) exception 13 occurs. If the 
segment is not present, exception 11 is generated. 


Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The 
descriptor privilege (DPL) and RPL must equal CPL. All 
other descriptor types or a privilege level violation will 
cause exception 13. A not present fault causes exception 
12. 


Control Transfer 


Four types of control transfer can occur when a selector is 
loaded into CS by a control transfer operation (see Table 
10). Each transfer type can only occur if the operation 
which loaded the selector references the correct 
descriptor type. Any violation of these descriptor usage 
rules (e.g. JMP through a call gate or RET toa Task State 
Segment) will cause exception 13 


The ability to reference a descriptor for control transfer is 
also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descriptor 
with DPL equal to the task CPL or a conforming segment 
with DPL of equal or greater privilege than CPL. The RPL 
of the selector used to reference the code descriptor must 
have as much privilege as CPL. 


RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the task CPL. The selector loaded into 
CS is the return address from the stack. After the return, 
the selector RPL is the task’s new CPL. If CPL changes, 
the old stack pointer is popped after the return address. 


When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task’s CPL. Reference to a valid Task 
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State Segment descriptor causes a task switch (see Task 
Switch Operation). Reference to a Task State Segment 
descriptor at a more privileged level than the task’s CPL 
generates exception 13. 


When an instruction or interrupt references a gate 
descriptor, the gate DPL must have the same or less 
privilege than the task CPL. If DPL is ata more privileged 
level than CPL, exception 13 occurs If the destination 
selector contained in the gate references a code segment 
descriptor, the code segment descriptor DPL must be the 
same or more privileged than the task CPL. If not, 
Exception 13 is issued. After the control transfer, the code 
segment descriptors DPL ts the task’s new CPL. If the 
destination selector in the gate references a task state 
segment, a task switch Is automatically performed (see 
Task Switch Operation). 


The privilege rules on control transfer require: 


>» JMP or CALL direct to a code segment (code segment 
descriptor) can only be a conforming segment with 
DPL of equal or greater privilege than CPL or a non- 
conforming segment at the same privilege level. 


> interrupts within the task, or calls that may change 
privilege levels, can only transfer control through a 
gate at the same or a less privileged level than CPL toa 
code segment at the same or more privileged level than 
CPL. 


>» return instructions that don’t switch tasks can only 
return control to a code segment at the same or less 
privileged level. 


>» task switch can be performed by a call, jump or 
interrupt which references either a task gate or task 
state segment at the same or less privileged level. 


Privilege Level Changes 


Any control transfer that changes CPL within the task, 
Causes a change of stacks as part of the operation. Initial 
values of SS:SP for privilege levels 0, 1, and 2 are kept in 
the task state segment (refer to Task Switch Operation). 
During a JMP or CALL control transfer, the new stack 
pointer is loaded into the SS and SP registers and the 
previous stack pointer is pushed onto the new stack. 


When returning to the original privilege level, its stack 1s 
restored as part of the RET or IRET instruction operation. 
For subroutine calls that pass parameters on the stack 


TABLE 11. SEGMENT REGISTER LOAD CHECKS 


EXCEPTION 
ERROR DESCRIPTION NUMBER 


Descriptor table limit exceeded 
Segment descriptor not-present 11 or 12 
Privilege rules violated 


Invalid descriptor/segment type segment 
register load: 

—Read only data segment load to SS 
—Special control descriptor load to DS, ES, SS 
—Execute only segment load to DS, ES, SS 
—Data segment load to CS 
—Read/Execute code segment load SS 


and cross privilege levels, a fixed number of words, as 
specified in the gate, are copied from the previous stack to 
the current stack. The inter-segment RET instruction with 
a stack adjustment value will correctly restore the 
previous stack pointer upon return. 


Protection 


The 80C286 includes mechanisms to protect critical 
instructions that effect the CPU execution state (e g HLT) 
and code or data segments from improper usage. These 
protection mechanisms are grouped tnto three forms: 


» Restricted usage of segments (e.g. no write allowed to 
read-only data segments). The only segments available 
for use are defined by descriptors in the Local 
Descriptor Table (LDT) and Global Descriptor Table 
(GDT) 


» Restricted access to segments via the rules of privilege 
and descriptor usage. 


> Privileged instructions or operations that may only be 
executed at certain privilege levels as determined by 
the CPL and I/O Privilege Level (IOPL). The IOPL is 
defined by bits 14 and 13 of the flag word 


These checks are performed for all instructions and can 
be split into three categories: segment load checks (Table 
11), operand reference checks (Table 12), and privileged 
instruction checks (Table 13). Any violation of the rules 
shown will result in anexception A not-present exception 
related to the stack segment causes exception 12. 


The IRET and POPF instructions do not perform some of 
their defined functions if CPL ts not of sufficient privilege 
(numerically small enough). Precisely these are: 


>» The IF bit is not changed if CPL is greater than IOPL. 


> The IOPL field of the flag word is not changed tf CPL is 
greater than 0. 


No exceptions or other indication are given when these 
conditions occur. 


TABLE 12. OPERAND REFERENCE CHECKS 


EXCEPTION 
ERROR DESCRIPTION NUMBER 


Write into code segment 13 
Read from execute-only code segment 13 
Write to read-only data segment 13 
Segment limit exceeded (Note1) 12 or 13 


NOTE 1 Carry out in offset calculations is ignored 


TABLE 13. PRIVILEGED INSTRUCTION CHECKS 


ERROR DESCRIPTION 


CPL #0 when executing the following 
instructions 
LIDT, LLDT, LGDT, LTR, LMSW, CTS, HLT 


EXCEPTION 
NUMBER 


CPT > IOPL when executing the following 
instructions 
INS, IN, OUTS, OUT, STI, CLI, LOCK 
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TABLE 14. PROTECTED MODE EXCEPTIONS 


INTERRUPT 


VECTOR FUNCTION 


Double exception detected 


Processor extension segment overrun 
Invalid task state segment 

Segment not present 

Stack segment overrun or stack segment not present 
General protection 


NOTES 1 


RETURN ADDRESS 
AT FALLING 
INSTRUCTION? 


ALWAYS 
RESTARTABLE? 


ERROR CODE 
ON STACK? 


No (Note 2) 
No (Note 2) 
Yes 
Yes 
Yes (Note 1) 
No (Note 2) 


When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception will not be restartabie 


because stack segment wrap around Is not permitted This condition ts identified by the value of the saved SP being either 0000(H), 0001(H), 


FFFE(H), or FFFF(H) 


2 These exceptions indicate a violation to privilege rules or usage rules has occurred Restart is generally not attempted under those 


conditions 


Exceptions 


The 80C286 detects several types of exceptions and 
interrupts in protected mode (see Table 14). Most are 
restartable after the exceptional condition is removed. 
Interrupt handlers for most exceptions can read an error 
code, pushed on the stack after the return address, that 
identifies the selector involved (0 if none). The return 
address normally points to the failing instruction, 
including al! leading prefixes. For a processor extension 
segment overrun exception, the return address will not 
point at the ESC instruction that caused the exception; 
however, the processor extension registers may contain 
the address of the failing instruction. 


These exceptions indicate a violation to privilege rules or 
usage rules has occurred. Restart is generally not 
attempted under those conditions. 


All these checks are performed for all instructions and can 
be split into three categories: segment load checks (Table 
11), operand reference checks (Table 12), and privileged 
instruction checks (Table 13) Any violation of the rules 
shown will result in an exception. A not-present exception 
Causes exception 11 or 12 and is restartable. 


Special Operations 


Task Switch Operation 


The 80C286 provides a built-in task switch operation 
which saves the entire 80C286 execution state (registers, 
address space, and a link to the previous task), loads a 
new execution state, and commences execution in the 
new task. Like gates, the task switch operation is invoked 
by executing an inter-segment JMP or CALL instruction 
which refers to a Task State Segment (TSS) or task gate 
descriptor in the GDT or LDT. An INT instruction, 
exception, or external interrupt may also invoke the task 
switch operation by selecting a task gate descriptor in the 
associated IDT descriptor entry. 


The TSS descriptor points at a segment (see Figure 19) 
containing the entire 80C286 execution state while a task 
gate descriptor contains a TSS selector. The limit field of 
the descriptor must be greater than 002B(H). 


Each task must have a TSS associated with it. The current 
TSS is identified by aspecial register in the 80C286 called 
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the Task Register (TR). This register contains a selector 
referring to the task state segment descriptor that defines 
the current TSS. A hidden base and limit register 
associated with TR are loaded whenever TR is loaded with 
a new selector. The IRET instruction is used to return 
control to the task that called the current task or was 
interrupted. Bit 14 in the flag register is called the Nested 
Task (NT) bit. It controls the function of the IRET 
instruction. If NT = 0, the IRET instruction performs the 
regular current task by popping values off the stack; when 
NT = 1, IRET performs a task switch operation back to the 
previous task. 


When a CALL, JMP, or INT instruction initiates a task 
switch, the old (except for case of JMP) and new TSS will 
be marked busy and the back link field of the new TSS set 
to the old TSS selector. The NT bit of the new task is set by 
CALL or INT initiated task switches. An interrupt that 
does not cause a task switch will clear NT. NT may also be 
set or cleared by POPF or IRET instructions. 


The task state segment is marked busy by changing the 
descriptor type field from Type 1 to Type 3. Use of a 
selector that references a busy task state segment causes 
Exception 13. 


Processor Extension Context Switching 


The context of a processor extension is not changed by 
the task switch operation. A processor extension context 
need only be changed when a different task attempts to 
use the processor extension (which still contains the con- 
text of a previous task). The 80C286 detects the first use of 
a processor extension after a task switch by causing the 
processor extension not present exception (7). The inter- 
rupt handler may then decide whether a context change is 
necessary. 


Whenever the 80C286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a proces- 
sor extension context may belong to a different task than 
the current one. The processor extension not present ex- 
ception (7) will occur when attempting to execute an ESC 
or WAIT instruction if TS = 1 and a processor extension is 
present (MP = 1 in MSW). 
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SP FOR CPL 0 

BACK LINK SELECTOR TO TSS 


FIGURE 19. TASK STATE SEGMENT AND TSS REGISTERS 


Pointer Testing Instructions 


The 80C286 provides several instructions to speed _ selector value refers to an appropriate segment without 
pointer testing and consistency checks for maintaining risking an exception. A condition flag (ZF) indicates 
system integrity (see Table 15). These instructions whether use of the selector or segment will cause an 
use the memory management hardware to verify that a exception. 


TABLE 15. 80C286 POINTER TEST INSTRUCTIONS 


Selector, 
Register 


Adjust Requested Privilege Level: adjusts the RPL of the selector to the numeric maximum 


INSTRUCTION | OPERANDS FUNCTION 
of current selector RPL value and the RPL value in the register. Set zero flag if selector RPL 


ARPL 
was changed by ARPL. 


VERR VERify for Read: sets the zero flag if the segment referred to by the selector can be read 


VERW VERify for Write: sets the zero flag if the segment referred to by the selector can be written. 
LSL Register, Load Segment Limit: reads the segment limit into the register if privilege rules and descrip- 
Selector tor type allow. Set zero flag if successful 
LAR Register, Load Access Rights. reads the descriptor access rights byte into the register If privilege 
Selector rules allow. Set zero flag if successful 
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Double Fault and Shutdown 


If two separate exceptions are detected during a single 
instruction execution, the 80C286 performs the double 
fault exception (8). If an exception occurs during 
processing of the double fault exception, the 80C286 will 
enter shutdown. During shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains in 
protected mode) or RESET (CPU exits protected mode) 
can force the 80C286 out of shutdown. Shutdown is 
externally signalled via a HALT bus operation with A+ 
LOW. 


Protected Mode Initialization 


The 80C286 initially executes in real address mode after 
RESET To allow initialization code to be placed at the top 
of physical memory, Ag3-99 will be HIGH when the 
80C286 performs memory references relative to the CS 
register until CS is changed. A23-29 will be zero for refer- 
ences to the DS, ES, or SS segments. Changing CS in real 
address mode will force Ag3-929 LOW whenever CS is 


System Interface 


The 80C286 system interface appears in two forms. a local 
bus and a system bus. The local bus consists of address, 
data, status, and control signals at the pins of the CPU.A 
system bus ts any buffered version of the local bus. A 
system bus may also differ from the local bus in terms of 
coding of status and control lines and/or timing and 
loading of signals 


Bus Interface Signals and Timing 


The 80C286 microsystems local bus interfaces the 
80C286 to local memory and I/O components. The !nter- 
face has 24 address lines, 16 data lines, and 8 status and 
control signals. 


The 80C286 CPU, 82C284 clock generator, 82C288 bus 
controller, 82289 bus arbiter, 82C86H/87H tranceivers, 
and 82C82/83H latches provide a buffered and decoded 
system bus interface. The 82C284 generates the system 
clock and synchronizes READY and RESET. The 82C288 
converts bus operation status encoded by the 80C 286 into 
command and bus control signals. The 82289 bus arbiter 


EXTERNAL 
PIN 


OUTPUT 
DRIVER 


INPUT 


BUFFER 


FIGURE 20A. BUS HOLD CIRCUITRY — PINS 36-51, 66, 67 


PROTECTION 
CIRCUITRY 


Multibus™ is a Registered Trademark of Intel 


used again. The initial CS:IP value of FOOO:FFFO provides 
64K bytes of code space for initialization code without 
changing CS. 


Protected mode operation requires several registers to be 
initialized. The GDT and IDT base registers must refer toa 
valid GDT and IDT. After executing the LMSW instruction 
to set PE, the 80C286 must immediately execute an intra- 
segment JMP instruction to clear the instruction queue of 
instructions decoded in real address mode. 


To force the 80C286 CPU registers to match the initial 
protected mode state assumed by software, execute a 
JMP instruction with a selector referring to the initial TSS 
used in the system. This will load the task register, local 
descriptor table register, segment registers and initial 
general register state. The TR should point ata valid TSS 
since any task switch operation involves saving the 
Current task state. 


generates Multibus™ bus arbitration signals. These com- 
ponents can provide the critical timing required for most 
system bus interfaces including the Multibus. 


Bus Hold Circuitry 


To avoid high current conditions caused by floating 
inputs to CMOS devices, and to eliminate the need for 
pull-up/down resistors, “bus-hold” circuitry has been 
used on the 80C286 pins 4-6, 36-51 and 66-68 (See Figure 
20A and 20B). The circuit shown in Figure 20A will 
maintain ‘the last valid logic state if no driving source is 
present (i.e. an unconnected pin ora driving source which 
goes to a high impedance state). The circuit shown in 
Figure 20B will maintain a high impedance logic one state 
if no driving source is present. To overdrive the 
“bus-hold” circuits, an external driver must be capable of 
sinking or sourcing approximately 400 microamps at valid 
input voltage levels. Since this “bus-hold” circuitry is 
active and not a “resistive” type element, the associated 
power supply current is negligible, and power dissipation 
is significantly reduced when compared to the use of 
passive pull-up resistors. 


EXTERNAL 
PIN 


Vv 
OUTPUT 
DRIVER 


PROTECTION 
CIRCUITRY 


FIGURE 208. BUS HOLD CIRCUITRY — PINS 4-6, 68 
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Physical Memory and I/O Interface 


A maximum of 16 megabytes of physical memory can be 
addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible as 
bytes or words. Words consist of any two consecutive 
bytes addressed with the least significant byte stored in 
the lowest address. Byte transfers occur on either half of 
the 16-bit local data bus. Even bytes are accessed over 
D7-9 while odd bytes are transferred over D45-8. Even 
addressed words are transferred over D75-9 in one bus 
cycle, while odd addressed word require two bus 
operations. The first transfers data on D75-8, and the 
second transfers data on D7-¢. Both byte data transfers 
occur automatically, transparent to software. 


Two bus signals, Ag and BHE, control transfers over the 
lower and upper halves of the data bus. Even address byte 
transfers are indicated by Ag LOW and BHE HIGH. Odd 
address byte transfers are indicated by Ag HIGH and BHE 
LOW. Both Ag and BHE are LOW for even address word 
transfers. 


The !/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or 
words, as is memory. Byte wide peripheral devices may be 
attached to either the upper or lower byte of the data bus. 
Byte-wide I/O devices attached to the upper data byte 
(D145-g) are accessed with odd I/O addresses. Devices on 
the lower data byte are accessed with even I/O addresses. 
An interrupt controller such as Harris’s 82C59A must be 
connected to the lower data byte (D7-9) for proper return 
of the interrupt vector. 


Bus Operation 


The 80C286 uses a double frequency system clock (CLK 
input) to control bus timing. All signals on the local bus 
are measured relative to the system CLK input. The CPU 
divides the system clock by 2 to produce the internal 
processor clock, which determines bus state. Each 
processor clock is composed of two system clock cycles 
named phase 1 and phase 2. The 82C284 clock generator 
output (PCLK) identifies the next phase of the processor 
clock. (See Figure 21.) 


ONE PROCESSOR CLOCK CYCLE 
ONE BUS T STATE 
PHASE 1 


PHASE 2 
OF PROCESSOR—»|-«—OF PROCESSOR 
CLOCK CYCLE CLOCK CYCLE 


ONE SYSTEM 
CLK CYCLE 
PCLK Yo \ 


FIGURE 21. 


SYSTEM AND PROCESSOR CLOCK 
RELATIONSHIPS 


Six types of bus operations are supported; memory read, 
memory write, |/O read, I/O write, interrupt acknowledge, 
and halt/shutdown. Data can be transferred ata maximum 
rate of one word per two processor clock cycles. 


The 80C286 bus has three basic states: idle (T\), send 
status (Ts), and perform command (Tc). The 80C286 
CPU also has a fourth local bus state called hold (T}4). Ty 
indicates that the 80C286 has surrendered control of the 
local bus to another bus master in response to a HOLD 
request. 


Each bus state is one processor clock long. Figure 22 
shows the four 80C286 local bus states and allowed 
transitions. 


HLDA 


HLDA ® NEW — 


FIGURE 22. 80C286 BUS STATES 


Bus States 


The idle (T}) state indicates that no data transfers are in 
progress or requested. The first active state Ts is signaled 
by status line S4 or So going LOW and identifying phase 1 
of the processor clock. During Ts, the command 
encoding, the address, and data (fora write operation) are 
available on the 80C286 output pins. The 82C288 bus 
controller decodes the status signals and generates 
Multibus compatible read/write command and _ local 
transceiver control signals. 


After Ts, the perform command (TC) state is entered. 
Memory or I/O devices respond to the bus operation 
during Tc, either transferring read data to the CPU or 
accepting write data. TC states may be repeated as often 
as necessary to ensure sufficient time for the memory or 
I/O device to respond. The READY signal determines 
whether Tc is repeated. A repeated Tc state is called a 
wait state. 


During hold (Ty), the 80C286 will float all address, data, 
and status output drivers enabling another bus master to 
use the local bus. The 80C286 HOLD input signal is used 
to place the 80C286 into the Ty state. The 80C286 HLDA 
output signal indicates that the CPU has entered Tp. 


Pipelined Addressing 


The 80C286 uses a local bus interface with pipelined 
timing to allow as much time as possible for data access. 
Pipelined timing allows a new bus operation to be initiated 
every two processor cycles, while allowing each 
individual bus operation to last for three processorcycles. 
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FIGURE 23. BASIC BUS CYCLE 


The timing of the address outputs is pipelined such that 
the address of the next bus operation becomes available 
during the current bus operation. Or, in other words, the 
first clock of the next bus operation is overlapped with the 
last clock of the current bus operation. Therefore, address 
decode and routing logic can operate in advance of the 
next bus operation. 


External address latches may hold the address stable for 
the entire bus operation, and provide additional AC and 
DC buffering. 


The 80C286 does not maintain the address of the current 
bus operation during all Tc states. Instead, the address 
for the next bus operation may be emitted during phase 2 
of any Tc. The address remains valid during phase 1 of 
the first Tc to guarantee hold time, relative to ALE, for the 
address latch inputs. 


Bus Control Signals 


The 82C288 bus controller provides control signals; 
address latch enable (ALE), Read/Write commands, data 
transmit/receive (DT/R), and data enable (DEN) that 
control the address latches, data transceivers, write 
enable, and output enable for memory and I/O systems. 


The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one 
system CLK period of address hold time from the end of 
the previous bus operation until the address for the next 
bus operation appears at the latch outputs. This address 
hold time ts required to support Multibus and common 
memory systems. 


The data bus transceivers are controlled by 82C288 
outputs Data Enable (DEN) and Data Transmit/Receive 
(DT/R). DEN enables the data transceivers, while DT/R 
controls tranceiver direction. DEN and DT/R are timed to 
prevent bus contention between the bus master, data bus 
transceivers, and system data bus transceivers 


Command Timing Controls 


Two system timing customization options, command 
extension and command delay, are provided on the 
80C286 local bus. 


Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 80C86. External logic can 
control the duration of any bus opération such that the 
operation is only as long as necessary The READY input 
signal can extend any bus operation for as long as 
necessary. 


Command delay allows an increase of address or write 
data setup time to system bus command active for any bus 
operation by delaying when the system bus command 
becomes active. Command delay ts controlled by the 
82C288 CMDLY input. After Ts, the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY is 
HIGH, the 82C288 will not activate the command signal. 
When CMDLY is LOW, the 82C288 will activate the 
command signal. After the command becomes active, the 
CMDLY input is not sampled. 


When a command is delayed, the available response time 
from command active to return read data or accept write 
data is less. To customize system bus timing, an address 
decoder can determine which bus operations require 
delaying the command. The CMDLY input does not affect 
the timing of ALE, DEN or DT/R. 


Figure 24 illustrates four uses of CMDLY. Example 1 
shows delaying the read command two system CLKs for 
cycle N-1 and no delay for cycle N, and example 2 shows 
delaying the read command one system CLK for cycle N-1 
and one system CLK delay for cycle N. 


Bus Cycle Termination 


At maximum transfer rates, the 80C286 bus alternates 
between the status and command states. The bus status 
signals become inactive after Ts so that they may cor- 
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FIGURE 24. CMDLY CONTROLS THE LEADING EDGE OF COMMAND SIGNAL 


rectly signal the start of the next bus operation after the 
completion of the current cycle. No external indication of 
Tc exists on the 80C286 local bus. The bus master and 
bus controller enter Tc directly after Ts and continue 
executing Tc cycles until terminated by the assertion of 
READY. 


READY Operation 


The current bus master and 82C288 bus controller 
terminate each bus operation simultaneously to achieve 
maximum bus operation bandwidth. Both are informed in 
advance by READY active (open-collector output from 
82C284) which identifies the last Tc cycle of the current 
bus operation. The bus master and bus controller must 
see the same sense of the READY signal, thereby 
requiring READY to be synchronous to the system clock. 


Synchronous Ready 


The 82C284 clock generator provides READY synchroni- 
zation from both synchronous and asynchronous sources 
(see Figure 25). The synchronous ready input (SRDY) of 
the clock generator is sampled with the falling edge of 
CLK at the end of phase 1 of each Tc. Thestate of SRDY is 
then broadcast to the bus master and bus controller via 
the READY output line. 


Asynchronous Ready 


Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their ready 
outputs cannot be guaranteed to meet the 82C284 SRDY 
setup and hold time requirements. But the 82C284 
asynchronous ready input (ARDY) is designed to accept 
such signals. The ARDY input is sampled at the beginning 
of each Tc cycle by 82C284 synchronization logic. This 
provides one system CLK cycle time to resolve its value 
before broadcasting it to the bus master and bus 
controller. 


ARDY or ARDYEN must be HIGH at the end of Ts. ARDY 
cannot be used to terminate the bus cycle with no wait 
states. 


Each ready input of the 82C284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may 
terminate a bus operation. These enable inputs are active 
low and have the same timing as their respective ready 
inputs. Address decode logic usually selects whether the 


current bus operation should be terminated by ARDY or 


SRDY. 
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Data Bus Control 


Figures 26, 27, and 28 show how the DT/R, DEN, data bus, 
and address signals operate for different combinations of 
read, write, and idle bus operations. DT/R goes active 
(LOW) for a read operation. DT/R remains HIGH before, 
during, and between write operations. 


The data bus is driven with write data during the second 
phase of Ts. The delay in write data timing allows the read 
data drivers, from a previous read cycle, sufficient time to 
enter three-state OFF before the 80C286 CPU begins driv- 
ing the local data bus for write operations Write data will 
always remain valid for one system clock past the last TC 
to provide sufficient hold time for Multibus or other similar 
memory or I/O systems. During write-read or write-idle 
sequences the data bus enters a high impedance state 
during the second phase of the processor cycle after the 
last Tc. In a write-write sequence the data bus does not 
enter a high impedance state between Tc and Ts. 


Bus Usage 


The 80C286 local bus may be used for several functions: 
Instruction data transfers, data transfers by other bus 
masters, instruction fetching, processor extension data 
transfers, interrupt acknowledge, and halt/shutdown 
This section describes local bus activities which have 
special signals or requirements Note that I/O transfers 
take place in exactly the same manner as memory 
transfers (i.e. to the 80C286 the timing, etc. of an !/O 
transfer is identical to a memory transfer). 


HOLD and HLDA 


HOLD and HLDA allow another bus master to gain control 
of the local bus by placing the 80C286 bus into the TH 
state. The sequence of events required to pass control 
between the 80C286 and another local bus master are 
shown in Figure 29. 


In this example, the 80C286 Is initially in the Ty state as 
signaled by HLDA being active. Upon leaving TH, as 
signaled by HLDA going inactive, a write operation is 
started. During the write operation another local bus 
master requests the local bus from the 80C286 as shown 
by the HOLD signal. After completing the write operation, 
the 80C286 performs one T| bus cycle, to guarantee write 
data hold time, then enters Ty as signaled by HLDA going 
active. 


The CMDLY signal and ARDY ready are used to start and 
stop the write bus command, respectively. Note that 
SRDY must be inactive or disabled by SRDYEN to 
guarantee ARDY will terminate the cycle. 


HOLD must not be active during the time from the leading 
edge of RESET until 34 CLKs following the trailing edge of 
RESET unless the 80C286 is in the Halt condition. To 
ensure that the 80C286 remains in the Halt condition until 
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the processor Reset operation is complete, no interrupts 
should occur after the execution of HLT until 34 CLKs 
after the trailing edge of the RESET pulse. 


LOCK 


The CPU asserts an active lock signal during Interrupt- 
Acknowledge cycles, the XCHG instruction, and during 
some descriptor accesses. Lock Is also asserted when the 
LOCK prefix 1s used. The LOCK prefix may be used with 
the following ASM-286 assembly instructions; MOVS, INS 
and OUTS For bus cycles other than Interrupt- 
Acknowledge cycles, Lock will be active for the first and 
subsequent cycles of a series of cycles to be locked. Lock 
will not be shown active during the last cycle to be locked. 
For the next-to-last cycle, Lock will become inactive atthe 
end of the first Tc regardless of the number of wait states 
inserted. For Interrupt-Acknowledge cycles, Lock will be 
active for each cycle, and will become inactive at the end 
of the first Tc for each cycle regardless of the number of 
wait-states inserted. 


Instruction Fetching 


The 80C286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction being executed. This activity ts 
called prefetching. It occurs when the local bus would 
otherwise be idle and obeys the following rules. 


A prefetch bus operation starts when at least two bytes of 
the 6-byte prefetch queue are empty. 


The prefetcher normally performs word prefetches 
Independent of the byte alignment of the code segment 
base In physical memory. 


The prefetcher will perform only a byte code fetch 
operation for control transfers to an instruction beginning 
on a numerically odd physical address 


Prefetching stops whenever a control transfer or HLT 
instruction is decoded by the IU and placed into the 
Instruction queue. 


In real address mode, the prefetcher may fetch up to 6 
bytes beyond the last control transfer or HLT instruction 
in a code segment. 


In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at the 
last physical memory word of the code segment. 
Exception 13 will occur ifthe program attempts to execute 
beyond the last full instruction in the code segment. 


If the last byte of a code segment appears on an even 
physical memory address, the prefetcher will read the 
next physical byte of memory (perform a word code 
fetch). The value of this byte is ignored and any attempt to 
execute it causes exception 13. 
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2s Ass wo (SEE NOTE 2) 
M/10, -----—~——-~-~—-- —<__ ff vation — D> >—9§—>»—§-»]»q._/>»»»»»>»)»>))») - - - - - - --- 
COB/INTA (SEE NOTE 3) 
ane, (66K ~———~----—--------- >> >>> >>>] ae 


NOT READY NOT READY (SEE NOTE 7) 


CLALLLLLLILILLLLLL 
READ 


82C284 


LLL) 


NOT READY NOT READY 


LLL) “SS LULL 


DELAY ENABLE (SEE NOTE 7) 


ARDY + 
ARDYEN 


CMDLY 


MWTC 


VOH 
DT/R 


DEN Se 


TS - STATUS CYCLE 
TC - COMMAND CYCLE 


82C288 


NOTES: 


1. Status lines are held at a high impedance logic one by the 80C286 during a HOLD state. 
2. Address, MAIO and COD/INTA may start floating during any Tc depending on when internal 80C286 bus arbiter decides to release bus to external HOLD. 
The float starts in 92 of To. 
3. BHE and LOCK may start floating after the end of any Tc depending on when internal 80C286 bus arbiter decides to release bus to external HOLD. The 
float starts in 91 of To. 
4. The minimum HOLD to HLDA time is shown. Maximum is one Ty longer. 
5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 
. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine state (i.e., Interrupts, Waits, 
Lock, etc.). 
. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state is ignored after 
ready is signaled via the asynchronous input. 


® 


~“ 


FIGURE 29. MULTIBUS WRITE TERMINATED BY ASYNCHRONOUS READY WITH BUS HOLD 
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80C286 


Processor Extension Transfers 


The processor extension interface uses 1/O port 
addresses OOF8(H), and OOFC(H) which are part of the!/O 
port address range reserved by Harris. An ESC instruction 
with Machine Status Word bits EM = 0 and Ts = 0 will 
perform I/O bus operations to one or more of these I/O 
port addresses independent of the value of IOPL and CPL. 


ESC instructions with memory references enable the CPU 
to accept PEREQ inputs for processor extension operand 
transfers. The CPU will determine the operand starting 
address and read/write status of the instruction. For each 
operand transfer, two or three bus operations are per- 
formed, one word transfer with I/O port address OOFA(H) 
and one or two bus operations with memory. Three bus 
operations are required for each word operand aligned on 
an odd byte address. 


Interrupt Acknowledge Sequence 


Figure 30 illustrates an interrupt acknowledge sequence 
performed by the 80C286 in response to an INTR input. 
An interrupt acknowledge sequence consists of twoINTA 
bus operations. The first allows a master 82C59A Pro- 
grammable Interrupt Controller (PIC) to determine which 
if any of its slaves should return the interrupt vector. An 
eight bit vector is read on Dg-D7 of the 80C286 during the 
second INTA bus operation to select an interrupt handler 
routine from the interrupt table. 


The Master Cascade Enable (MCE) signal of the 82C288 is 
used to enable the cascade address drivers during INTA 
bus operations (See Figure 30) onto the local adress bus 
for distribution to slave interrupt controllers via the 
system address bus. The 80C286 emits the LOCK signal 
(active LOW) during Ts of the first INTA bus operation. A 
local bus “hold” request will not be honored until the end 
of the second INTA bus operation. 


Three idle processor clocks are provided by the 80C286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out delay 
of the 82C59A. The second INTA bus operation must 
always have at least one extra Tc state added via logic 
controlling READY Ag3-Ag are in three-state OFF until 
after the first TC state of the second INTA bus operation. 
This prevents bus contention between the cascade 
address drivers and CPU address drivers. The extra TC 
state allows time for the 80C286 to resume driving the 
address lines for subsequent bus operations. 


Local Bus Usage Priorities 


The 80C286 local bus is shared among several internal 
units and external HOLD requests. In case of simulta- 
neous requests, their relative priorities are: 


(Highest) Any transfers which assert LOCK either 
explicitly (via the LOCK instruction prefix) or 
implicitly (i.e. some segment descriptor 
accesses, an interrupt acknowledge se- 
quence, or an XCHG with memory). 


The second of the two byte bus operations 
required for an odd aligned word operand. 


| 

| 

| 

| 

| 

| 

| 

| 

| The second or third cycle of a processor 
| extension data transfer. 
| 

| 

| 

| 

| 

| 

| 

| 


Local bus request via HOLD input. 


Processor extension data operand transfer via 
PEREQ input. 


Data transfer performed by EU as part of an 
instruction. 
(Lowest) An instruction prefetch request from BU. The 
EU will inhibit prefetching two processor 
clocks in advance of any data transfers to 
minimize waiting by the EU for a prefetch to 
finish. 


Halt or Shutdown Cycles 


The 80C286 externally indicates halt or shutdown 
conditions as a bus operation. These conditions occur 
due to a HLT instruction or multiple protection exceptions 
while attempting to execute one instruction. A halt or 
shutdown bus operation is signalled when S41, So, and 
COD/INTA are LOW and M/IO is HIGH. Aq HIGH 
indicates halt, and A; LOW indicates shutdown. The 
82C288 bus controller does not issue ALE, nor is READY 
required to terminate a halt or shutdown bus operation. 


During halt or shutdown, the 80C286 may service PEREQ 
or HOLD requests. A processor extension segment 
overrun during shutdown will inhibit further service of 
PEREQ. Either NMI or RESET will force the 80C286 out of 
either halt or shutdown. An INTR, if interrupts are 
enabled, or a processor extension segment overrun 
exception will also force the 80C286 out of halt. 
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800286 


“ws aia ——————— | <———--— INTA CYCLE 2—_—_—_——> 
Tc Ts Tc Te 
! 


41 t e2 ot F a2 ot t v2 


BUS CYCLE TYPE | 


i me ae ale Ty 
ot daa 


Ts | 
uy | e i re | fun | Ng rs ry | At | h2 


MAB, CODIRTA — A 


COCR ae ere ~ \A\ A 
= YY) --------- a Se <— 


(SEE NOTE 1 ) 


2 PREVIOUS » Tae ore we” a: “ee ea CN 
Dis — Do WRITE CYCLE <)> gee ae OR ee ne eT a, oe Gere Sree 


(SEE NOTE 2) (SEE NOTE 3 ) 


oy AA T/T TTT TTL) NSS HT /TTL 


NOT READY READY NOT READY READY 


2 


A 


NOTES 


On — 


BSS 


(O37 


Data 1s ignored 

First INTA cycle should have at least one wait state inserted to meet 82C59A minimum INTA pulse width 

Second INTA cycle must have at least one wait state inserted since the CPU will not drive Az3-Ag, BHE, and LOCK until after the first To state 
The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by MCE | and address outputs 


Without the wait state, the 80C286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 82C59A also 
requires one wait state for minimum INTA pulse width 


LOCK 1s active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles ina multi-master system. LOCK Is also active 
far the second INTA cycle 
Ag3-Ago exits three-state OFF during ¢2 of the second Tc In the INTA cycle 


FIGURE 30. INTERRUPT ACKNOWLEDGE SEQUENCE 
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82C 288 BUS 
CONTROLLER 


SYNC READY 
ENABLE 


EXTENSION 


H 
| PROCESSOR 
(OPTIONAL) 


FIGURE 31. 


System Configurations 


The versatile bus structure of the 80C286 micro-system, 
with a full complement of support chips, allows flexible 
configuration of a wide range of systems. The basic 
configuration, shown in Figure 31, is similar to an 80C86 
maximum mode system. It includes the CPU plus an 
82C59A interrupt controller, 820284 clock generator, and 
the 82C288 Bus Controller. The 80C86 latches (82C82 
and 82C83H) and transceivers (82C86H and 82C87H) 
may be used in an 80C286 microsystem. 


As indicated by the dashed lines in Figure 31, the ability to 
add processor extensions is an integral feature of 80C286 
based microsystems. The processor extension interface 
allows external hardware to perform special functions 
and transfer data concurrent with CPU execution of other 
instructions. Full system integrity is maintained because 
the 80C286 supervises all data transfers and instruction 
execution for the processor extension. 


An 80C286 system which includes the 80287 numeric 
processor extension (NPX) uses this interface. The 
80C286/80287 system has all the instructions and data 
types of an 80C86 or 80C88 with 8087 numeric processor 
extension. The 80287 NPX can perform numeric calcula- 


MEMORY READ 

MEMORY WRITE 

VO READ 

1/0 WRITE 

INTERRUPT ACKNOWLEDGE 


eee ey 

t- -® ADVANCED MEMORY 
—— —-~! DECODE FF -—» ANDIOCHIP SELECTS 
r— 2 I (OPTIONAL) | 


—-——>| 


~—----j !1t-,4 
eerie sys tf) ea 


CHIP SELECT 


Ro  IR7 


INTERRUPT 
CONTROLLER 


BASIC 80C286 SYSTEM CONFIGURATION 


tions and data transfers concurrently with CPU program 
execution. Numerics code and data have the same 
integrity as all other information protected by the 80C286 
protection mechanism. 


The 80C286 can overlap chip select decoding and 
address propagation during the data transfer for the 
previous bus operation. This information is latched into 
the 82C82/83H’s by ALE during the middle of a Ts cycle. 
The latched chip select and address information remains 
stable during the bus operation while the next cycle’s 
address is being decoded and propagated into the 
system. Decode logic can be implemented with a high 
speed PROM or PAL. 


The optional decode logic shown in Figure 31 takes 
advantage of the overlap between address and data of the 
80C286 bus cycle to generate advanced memory and |/O- 
select signals. This minimizes system performance 
degradation caused by address propagation and decode 
delays. In addition to selecting memory and 1/O, the 
advanced selects may be used with configurations 
supporting local and system buses to enable the appro- 
priate bus interface for each bus cycle. The COD/INTA 


3-83 


CMOS MICRO- 
PROCESSORS 


80C286 


Vcc 
e 


| 820288 BUS 
CONTROLLER 


SYNC READY 
ENABLE 
ASYNC READY 


ENABLE ARDYEN 


820284 
CLOCK 
GENERATOR 
Sacecda tes 
lr--n 
eevee en 
iat i ee eee 
i. 4 i a 
1 | flor 
ee 
iat 
SRaenee 
ia oe | 
| 
| PROCESSOR 
1 EXTENSION 
\ (OPTIONAL) 
| 


MULTIBUS 
BUS ARBITRATION 
ee 
Poo ee ee ae a 
as pchivstan 
2 Se! ol chiller 
INTERRUPT ACKNOWLEDGE 
sao 


a. ADDRESS BUS 


82C83H 
LATCH 


CHIP SELECT 


iRo — IR7 


82C59A 
INTERRUPT 
CONTROLLER 


82C87H 


_.) DATA BUS 


TRANS — 


FIGURE 32. MULTIBUS SYSTEM BUS INTERFACE 


and M/IO signals are applied to the decode logic to 
distinguish between interrupt, I/O, code, and data bus 
cycles. 


By adding the 82289 bus arbiter chip the 80C286 provides 
a Multibus system bus interface as shown in Figure 32. 
The ALE output of the 82C288 for the Multibus bus is 
connected to its CMDLY input to delay the start of 
commands one system CLK as required to meet Multibus 
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address and write data setup times. This arrangement will 
add at least one extra Tc state to each bus operation 
which uses the Multibus. 


A second 82C288 bus controller and additional latches 
and transceivers could be added to the local bus of Figure 
32. This configuration allows the 80C286 to support an 
on-board bus for local memory and peripherals, and the 
Multibus for system bus interfacing. 


Specifications 80C286 


Absolute Maximum Ratings Reliability Information 

SUDBIY VOUNACG so ox5 oe seed oo ees a ne ew se eet aie bea ate +8.0V Dig... e eee eee 17°C/W (PGA Package), 99C/W (PLCC Package) 

Input, Output or I/O Voltage Applied ... GND -1.0VtoVCC +1.0V @8jg......0..-- 419C/W (PGA Package), 33°C/W (PLCC Package) 

Storage Temperature Range .............005. -65°C to+150°C Maximum Package Power Dissipation 

Junction Temperature ........... cece cee cee eee eens +1759C PLCC PackadGs cu ciascimianec inte esos ash he dal du@eaas 2.2W 

Lead Temperature (Soldering, Ten Seconds) ............ +300°C PGA Package iit rato s wath. Gude dee cohen tide akon 1.22W 
Gale Counties sicesur eter ce wae $a ereaew s basa wet es 22,500 


CAUTION Stresses above those listed in the Absolute Maximum Ratings may cause permanent damage to the device. This is a stress only 
rating and operation of the device at these or any other conditions above those indicated in the operations sections of this specification 1s not implied 


Operating Conditions 


Operating Voltage Range Operating Temperature Range 
(80C 286-10) =12) eiscecie use we sek cae wen wees +4.5V to +5.5V 1I80C286-10, -12, ~16,-20 .........ceeeeees -409C to +859C 
(BOC286- 16, —20, -25).. 2... cece ew eee es +4.75V to +5.25V C80C 286-12, -16, -20,-25 ...... ccc eee eee O°C to +70°9C 


D.C. Electrical Specifications Voc = +5V + 10%, Ta = 0°C to +70°C ~=(C80C286-12) 
Voc = +5V + 5%, Ta = OOC to +70°C +(C80C286-16, -20, -25) 
Voc = +5V + 10%, Ta = -40°C to +85°C = (I80C 286-10, -12) 
Voc = +5V + 5%, Ta = -409C to +85°C §=(I80C 286-16, -20) 


Teneo | ranaweven [ww [wax [ows | vesreonomions 
[we | wrtowvonse | os [ee |v |S 
[vs  rsgnveiee ae [eres 
Pemesionvae [= [oe 

lOH = -2.0mA 


Output HIGH Voltage V 
oe -0.4 Vv IOH =-100nA 
Input Leakage Current -10 10 ViN = GNDorVcc 
Pins 29, 31, 57, 59, 61, 63-64 
Input Sustaining Ct Current on Vin = GND (See Note 5) 
BUSY and ERROR Pins 
IBHH Input Sustaining Current HIGH meee a 
Output Leakage Current -10 10 HA Vo = GNDorVcco 
Pins 1, 7-8, 10-28, 32-34 
IccoP Active Power Supply Current mA 80C286-10 (See Note 4) 
80C 286-12 (See Note 4) 
80C 286-16 (See Note 4) 


80C 286-20 (See Note 4) 
80C 286-25 (See Note 4) 


econ. |-eandby rower Gipsy eaten ee ee (S00 Note 3 


Capacitance (Ta = +25°C; All Measurements Referenced to Device GND) 


[ew | oterinputcanacionos ref rf 
[evo [vo cepscience dt of or PS 


IBHL Should be measured after lowering Vix, to GND and then raising to 1 OV on the following pins. 36-51, 66, 67 
IgHH Should be measured after raising Vix, to Voc and then lowering to 3 OV on the following pins: 4-6, 36-51, 66-68. 

. locsp tested with the clock stopped in phase two of the processor clock cycle Vij = Voc or GND, Voc = VCC (Max), outputs unloaded. 
Iccop Measured at 1O0MHz for the 80C286-10, 12.5MHz for the 80C286-12, 16MHz for the 80C286-16, 20MHz for the 80C286-20, and 
25MHz for the 80C286-25 Vin = 2 4V or 0 4V, Voc = VOC (Max), outputs unloaded 

5 Isp should be measured after raising Vij to Voc and then lowering to GND on pins 53 and 54 


NOTES 


kon - 


3-85 


CMOS MICRO- 
PROCESSORS 


Specifications 80C286 


A.C. Electrical Specifications Vcc =+5V + 10%, Ta = 0°C to +70°C (C80C 286-12), Ta = -40°C to +85°C (I80C 286-10, -12) 
Voc = +5V + 5%, Ta = 0°C to +70°C (C80C286-16), Ta = -40°C to +85°C (I80C 286-16) 
A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals 
as Illustrated in Datasheet Waveforms, Unless Otherwise Specified. 


SYMBOL PARAMETER 


TIMING REQUIREMENTS 


= 
nN 


ie) 


_ 
o 


1.0V to 3.6V 
3.6V to 1.0V 
(Note 1) 


(Note 1) 


Oo 


0.8V to 2.0V 


NOTES: 1. Asynchronous inputs are INTR, NMi, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 

. Delay from 1.0V on the CLK to 0.8V or 2.0V. 

. Output load: Cy = 100pF. 

. Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching 0.8V or status going inactive reaching 2 OV. 

. Delay from 1.0V on the CLK to Float (no current drive) condition. 

. Delay from 1.0V on the CLK to 0.8V for min. (HOLD time) and to 2.0V for max (inactive delay). 

. Delay from 1.0V on the CLK to 2.0V for min. (HOLD time) and to 0.8V for max. (active delay). 

. Delay from 1.0V on the CLK to 2.0V. 


@ 
Oo 


N“N 


Address Valid Delay 


Write Data Valid Delay 


Bs 
Ni 


OnN Oa a © NM 


A.C. Test Conditions 


TEST CONDITION IL (CONSTANT CURRENT SOURCE) 
[zona 


~6mA (VOH to Float) 100pF 
8mA (Vo_ to Float) 
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Specifications 80C286 


A.C. Electrical Specifications Vcc = +5V + 5%, Ta = 0°C to +70°C (C80C 286-20, -25), Ta = -40°C to +85°C (I80C286-20) 
A.C. Timings are Referenced to the 1.5V Point of the Signals 
as Iliustrated in Datasheet Waveforms, Unless Otherwise Specified. 


SYMBOL PARAMETER | MIN: | MAX | 
TIMING REQUIREMENTS 

Coe 

2 porcine Sse 


UNIT TEST CONDITION 


@ 3.6V 


ba | 
o| on 
m| in 
alo 
mom 
4] 4 
=| 8 
QO} 4 
Bic 
= 
a] 4 
3 | 5 
® @O 
=_ = 
tele efeefat fet {feeds 
—_ 
ra) 


0.8V to 2.0V 

1, (Notes 3, 6) 
1, (Notes 3, 6) 
1, (Notes 2, 3) 


1, (Notes 2, 3) 


| 20 Input RISE/FALL Times 


TIMING RESPONSES 


Status/PEACK Active Delay 1 
B 


—_<~ 
—_ a awk 
wk 


6 


— 
iF) 


2 
3 
mE 
Address Valid to Status SETUP Time 


NOTES: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 

. Delay from 1.0V on the CLK to 1.5V. 

. Output load: C, = 100pF. 

. Delay measured from address reaching 1.5V to status reaching 1.5V. 

. Delay from 1.0V on the CLK to Float (no current drive) condition. 

. Delay from 1.0V on the CLK to 1.5V. 


3 


3] = 


= 
© 


On k GN 


A.C. Test Conditions 


| 2.0mA | 


-6MA (VOH to Float) 
8mA (VoL to Float) 
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A.C. Specifications (Continued) 


C80C286-12, -16 
I80C 286-10, -12, -16 
A.C. DRIVE AND MEASURE POINTS-CLK INPUT 


4.0V 
CLK INPUT 
0.45V 
4.0V 
3.6V 3.6V 
CLK INPUT 
1.0V 1.0V 
0.45V 
tSETUP tHOLD 
24V 5 "OO @'O'a' Oa”. Y, 
Cre ON 0:00. 0 0C0O@ 
SRY Recents 
Device §— SORRY S255 
INPU ROOK OPK SKS 
KRY RK RRR 
ORES 0.8V PrN 
0.4v 2OQCCRK PRIVEE 
‘DELAY (Max.) 
"DELAY (Min.) 
LMM OES VG, 
RSS CSCO, 2.0V 
SSK RS PRG 
DEVICE Qo 5555S 
Ss CO CCCOCCOCO Os 
OUTPUT x COCOONS. 
SSSR OOH 
SOOO OOOO 0.8 
ECE OOOO OOM OOOO IM, 


ey 


NOTE: For A.C testing, input rise and fall times are driven at ins per volt. 
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A.C. Specifications (Continued) 


C80C286-20, -25 
180C 286-20 
A.C. DRIVE AND MEASURE POINTS-CLK INPUT 


4.0V 
CLK INPUT 
0.45V 
4.0V 
3.6V 
CLK INPUT 
of 
ie) 
0.45V eS) o 
~”) 
= Ww 
YO 
oe) 
=c 
On 


VOO,GGVLOO,O: 
Boonen 
WSL 


PBB BBS ONG, 4 
SECCCCECCCECECCCCCEOCOCES 
SOO 


DEVICE 
ee SOK 
QSOS OH 


KRSM OOK PKA 


NOTES. 1. Typical Output Rise/Fall Time ts 6ns. 
2. For A.C. testing, input rise and fall times are driven at ins per volts. 


3-89 


Specifications 80C286 


A.C. Electrical Specifications (Continued) 82C284 and 82C288 Timing Specifications are given for reference only and no 
guarantee is implied. 
82C284 TIMING 


SYMBOL PARAMETER | min | max | MIN | MAX | MIN | MAX | UNIT | TEST CONDITION 


TIMING REQUIREMENTS 


Sc 
srovarorenneatme | [=[*]-1+ 1-1 =~ 


aavarareNcemne |e ffs ps ||» | tear 
aovimoreNvoaine [= [= Le [= [= |- | ~ [tems 


TIMING RESPONSES 


_ eee 


82C288 TIMING 


SYMBOL PARAMETER | min | Max | MIN | MAX | MIN. | MAX | UNIT | TEST CONDITION 


TIMING REQUIREMENTS 


TIMING RESPONSES 


DT/R Read Active Delay eae 


DEN Read Active Delay 


3 
aE 
DT/R Read Inactive Delay ers 

DEN Write Active Delay | |= | 
Ta peinieoag [a 
2 | 


Command Inactive Delay from CLK 3 


NOTE 1. These times are given for testing purposes to ensure a predetermined action. 
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Waveforms 
READ CYCLE WRITE CYCLE 
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ 
WAIT —- WAIT ae (T} OR Ts) 


BUS CYCLE TYPE 


i“ . ail haa 
- a 
oe mateiad ia 


wid, COD INTA i- i: 7-0 ane My iad mani LZ am IF Ts 


© 
ane, tock ZL nro aliedaiounalaad 


—— Le 


ane VALID WRITE DATA » 


MMMM i ad AX Pee YIM 


800286 


Of 

STAIN DIDI S a 

@ NO 

® Sf 

oa 

SRDY + SRDYEN WAR a ee 


Pn 


82C284 


PCLK 
® a 
ALE 


@3) ra 

CMDLY DN 2 ml Q mmm 

_ aoe “3 y= 
; awl 

DT/R 


@) 
re 


ARDY + ARDYEN semcueames <0 aro mata aE om, ML, 


ZA, 


82C288 


DEN 


MAJOR CYCLE TIMING 


NOTE 1 The modified timing is due to the CMDLY signal being active 
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Waveforms (Continued) 


80C286 RESET INPUT TIMING AND 
80C286 ASYNCHRONOUS INPUT SIGNAL TIMING SUBSEQUENT PROCESSOR CYCLE PHASE 


VCH 


BUS CYCLE TYPE 
CLK 
PCLK - 


(SEE NOTE 1) 


INTR, NMI 
HOLD, PEREQ 
(SEE NOTE 2) 


(SEE NOTE 2) 


NOTES NOTE 


1. PCLK indicates which processor cycle phase will occur on the next When RESET meets the setup time shown, the next CLK will start or repeat 
CLK. PCLK may not indicate the correct phase until the first cycle is 2 of a processor cycle. 
performed. 


2. These inputs are asynchronous The setup and hold times shown 
assure recognition for testing purposes 


EXITING AND ENTERING HOLD 


BUS CYCLE TYPE TH is ORT; Ty TH 
VcH 
CLK 
VeL 
HLDA 
(SEE NOTE 4) 
of a =—(2A) note YL see nore 
: 
S PEACK. =<=ses—— eee a i i ee ee 
m IF NPX TRANSFER 
ao (SEE NOTE 5) © 
Sanaa <a> 
COD/INTA (SEE NOTE 2) 
(SEE NOTE 6) 
BiB eA aasecsseatereee nee CQ >) 
VALID 
IF WRITE 
| mw—_S \S \ 
S| Pouk eo Nee Nea 
& 


NOTES 

These signals may not be driven by the 80C286 during the time shown The worst case In terms of latest float time is shown 
. The data bus will be driven as shown if the last cycle before T, in the diagram was a write Tc 

The 80C286 puts its status pins in a high impedance logic one state during Ty 

For HOLD request set up to HLDA, refer to Figure 29 
. BHE and LOCK are driven at this time but will not become valid until Ts 


a a fF WD — 


. The data bus will remain in a high impedance state if a read cycle is performed 
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Waveforms (Continued) 


80C286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 


BUS CYCLE TYPE _ ' ; 
Ven |! 92 0 S o2 LO 62 | 01 TS 42 ot TC yp oT 
CLK 
VeL 1/0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 
MEMORY READ IF MEMORY TO PROC. EXT. /"1/0 WRITE IF MEMORY TO PROC. EXT. 
Sie 50 rae 
MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER 1/0 PORT 
Ase ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER | 
w/i0, cop iNTA —2»_ ee) 2S ae aaa 
fan (28 CT 1/0 PORT ADDRESS OOFA(H) IF PROG. EXT. TO MEMORY TRANSFER 
— MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 


(SEE NOTE - 2) ©) 
4) 
PEREQ WAAL 


ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80C286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 


NOTES. 

1 PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence The first bus operation will be either 
a memory read at operand address or I/O read at port address OOFA(H) 

2 To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is 3 x @- 12Amax -@min, The actual, 


configuration dependent, maximum time is 3 x @- 12Amax -@min *NxX2x@ Nis the number of extra Tc states added to either the first or second 
bus operation of the processor extension data operand transfer sequence 
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INITIAL 80C286 PIN STATE DURING RESET 


BUS CYCLE TYPE T 
VcH ott 92 
CLK 
‘ = yA A lial wl wl "aie Fo 
co), 2 eee Eee ee ee 
én | ca 
a UNKNOWN ee 
A23 - Ao . ® Gee 
Tt UNKNOWN eae ae ae 
ee aa ee ® 
COD/INTA UNKNOWN ea eae ee aa ete 
— @+4 #4 
Bas . ane 
LOCK UNKNOWN aS 


© 
DATA JID DDD») 222222) dD DDD )22 DDD» DDD = = == Sinn anna nn 


HLDA UNKNOWN 
( eae ae 


NOTES 


1 Setup time for RESET ft may be violated with the consideration that #1 of the processor clock may begin one system CLK period later 
2 Setup and hold times for RESET | must be met for proper operation, but RESET | may occur during 1 or 2. 
3 The data bus ts only guaranteed to be in a high impedance state at the time shown 
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BYTE 3 BYTE 4 BYTE 5 BYTE 6 
—~—see eK S eeetieeeti etal tieetetie etetetieiettialin donttatiie | 
, 
LOW DISP/DATA HIGH DISP/DATA LOW DATA HIGH DATA 
ects “cio, am ein “mins sna ls ii teen ens sige? in? ahs» E+ mn’ eg: “Tec "mg" ‘es? ls ~~ i” ~iSat s: eisita eal 
REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 
REGISTER OPERAND: EXTENSION OF OPCODE 
REGISTER MODE MEMORY MODE WITH DISPLACEMENT LENGTH 
WORD/BYTE OPERATION 
DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 
OPERATION (INSTRUCTION) CODE 
A. SHORT OPCODE FORMAT EXAMPLE 
BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 
7 6 § 4 10 7 6 5 4939 21 0 7 6 5 43 21 «0 
HReeSGee eeeeReene E ee, ie mca 1 
| 
LOW DISP HIGH DISP | 
LONG OPCODE | mod | | | 
ca Xin cia’? “Scns oaae' aa pee a ee ee "| 


B. LONG OPCODE FORMAT EXAMPLE 


FIGURE 33. 80C286 INSTRUCTION FORMAT EXAMPLES 


80C286 Instruction Set Summary 
Instruction Timing Notes 


The instruction clock counts listed below establish the 
maximum execution rate of the 80C286. With no delays in 
bus cycles, the actual clock count of an 80C286 program 
will average 5% more than the calculated clock count, due 
to instruction sequences which execute faster than they 
can be fetched from memory. 


To calculate elapsed times for instruction sequences, 
multiply the sum of all instruction clock counts, as listed 
in the table below, by the processor clock period. An 
12.5MHz processor clock has a clock period of 80 
nanoseconds and requires an 80C286 system clock (CLK 
input) of 25MHz. 


3-94 


Instruction Clock Count Assumptions 


Ls 


The instruction has been prefetched, decoded and Is 
ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 
prepare the next instruction for execution. 


. Bus cycles do not require wait states. 


. There are no processor extension data transfer or local 


bus HOLD requests. 


. No exceptions occur during instruction execution. 


80C286 


Instruction Set Summary Notes 

Addressing displacements selected by the MOD field are 
not shown. If necessary they appear after the instruction 
fields shown. 

Above/below refers to unsigned value 

Greater refers to more positive signed values 

Less refers to less positive (more negative) signed values 


if d = 1, then “to” register, if d = 0 then “from” register 


if w = 1, then word instruction; if w = 0, then byte 
instruction 


if s = 0, then 16-bit immediate data form the operand 


if s = 1 then an immediate data byte is sign-extended to 
form the 16-bit operand 


x don’t care 


z used for string primitives for comparison with ZF 
FLAG 


lf two clock counts are given, the smaller refers to a 
register operand and the larger refers to a memory 
operand 


*= add one clock if offset calculation requires summing 
3 elements 


n= number of times repeated 

m = number of bytes of code in next instruction 

Level (L)—Lexical nesting level of the procedure 

The following comments describe possible exceptions, 

side effects and allowed usage for instructions in both 

operating modes of the 80C286. 

Real Address Mode Only 

1. This is a protected mode instruction. Attempted 
execution in real address mode will result in an 


undefined opcode exception (6). 


2. A segment overrun exception (13) will occur if a word 
operand reference at offset FFFF(H) is attempted. 


3. This instruction may be executed in real address mode 
to initialize the CPU for protected mode. 


4. The IOPL and NT fields will remain 0. 


5. Processor extension segment overrun interrupt (9) will 
occur if the operand exceeds the segment limit. 


Either Mode 


6. An exception may occur, depending on the value of 
the operand. 


7 LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction prefix. 


8. LOCK does not reamain active between all operand 
transfers. 


Protected Virtual Address Mode Only 


9. A general protection exception (13) will occur if the 
memory operand cannot be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 


10. For segment load operations, the CPL, RPL and DPL 
must agree with privilege rules to avoid an exception. 
The segment must be present to avoid a not-present 
exception (11). If the SS register is the destination 
and a segment not-present violation occurs, a stack 
exception (12) occurs. 


11. All segment descriptor accesses in the GDT or LDT 
made by this instruction will automatically assert 
LOCK to maintain descriptor integrity in multiproces- 
sor systems. 


12. JMP, CALL, INT, RET, IRET instructions referring to 
another code segment will cause a general protection 
exception (13) if any privilege rule is violated. 


13. A general protection exception (13) occurs if CPL #0. 


14. A general protection exception (13) occurs if CPL > 
IOPL. 


15. The IF field of the flag word is not updated if CPL > 
IOPL. The IOPL field is updated only if CPL = 0. 


16. Any violation of privilege rules as applied to the 
selector operand does not cause a protection 
exception; rather, the instruction does not return a 
result and the zero flag is cleared. 


17. If the starting address of the memory operand 
violates a segment limit, or an invalid access is 
attempted, a general protection exception (13) will 
occur before the ESC instruction is executed. Astack 
segment overrun exception (12) will occur if the stack 
limit is violated by the operand’s starting address. Ifa 
segment limit is violated during an attempted data 
transfer then a processor extension segment overrun 
exception (9) occurs. 


18. The destination of an INT, JMP, CALL, RET or IRET 
instruction must be in the defined limit of a code 
segment or a general protection exception (13) will 
occur. 
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80C286 Instruction Set Summary 


cLock count | COMMENTS 


UNCTION FORMAT 
DATA TRANSFER 
OV = Move: 
Register to Register/Memory 
Register/memory to register 
mmediate to register/memory 
mmediate to register 
emory to accumulator 9 
Accumulator to memory 9 
Register/memory to segment register 9,10,11 
pegment register to register/memory 9 
PUSH = Push: 
omor 
pegment register 
POP = Pop 


emory | 140001111 |mod000 r/m 9 
Register 9 
Segment register (reg#01) 

FOPA=Pop at — ferteeoor} ns Or, ae ae ee ee ee 
XCHG = Exhcange: 


Register/memory with register 
Register with accumulator 
N= Input from: 
ixed port 
aniable port 
[1110011 


9,10,11 


OUT = Output to: 


ixed port 1110011w| pot 
ariable port 

XLAT = Translate byte to AL 
EA = Load EA to register 


DS = Load pointer to DS 11000101 (mod¥ 11) 9,10,11 


ES = Load pointer to ES 11000100 (mod 1) 9,10,11 


Shaded areas indicate instructions not available in 80C86/88 microsystems. 
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80C286 Instruction Set Summary (Continued) 


DATA TRANSFER (Continued) 
AHF Load AH with flags 
SAHF = Store AH into flags 


PUSHF = Push flags 


eg/memory with registar to either 
mmediate to register/memory 
mmediate to accumulator 


ADC = Add with carry: 


eg/memory with register to either 
mmediate to register/memory 
mmediate to accumulator 


NC = Increment: 


SUB = Subtract: 


eg/memory and register to either 
mmediate from register/memory 
mmediate from accumulator 


SBB = Subtract with borrow: 


eg/memory and register to either 


mmediate from register/memory 


mmediate from accumulator 


DEC = Decrement 


egister/memory with register 

egister with register/memory 
mmediate with register/memory 
mmediate with accumulator 

EG = Change sign 
AAA = ASCIl adjust for add 


DAA = Decimal adjust for add 


cLock count _| COMMENTS 


Protected 
FORMAT Real 


10011100 


10011101 


000000dw | modreg r/m 


100000sw | mod000 r/m 


0000010w data data if w= 1 


000100dw | modreg r/m 


data data ifsw = 01 


100000sw | mod010 r/m data data ifs w = 01 


0001010w data data if w= 1 


1111111w | mod000 r/m 


CMOS MICRO- 
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01000reg 


001010dw | modreg r/m 
100000sw 


data data ifsw = 01 


data if w= 1 


mod 101 r/m 


0010110w data 


000110dw i modreg r/m 


100000sw | mod011 r/m data data ifs w=01 


0001110w data data ifw= 1 


1111111W |mod001— r/m 


01001 reg 
0011101wI{imodreg = r/m | 


0011100w | mod reg r/m 


mod 1 11 rim| data. data ifs w=01 


0011110w data data if w= 1 


100000sw 


1111011w |mod011 = r/m 


00110111 


00100111 
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80C286 Instruction Set Summary (Continued) 


RITHMETIC (Continued) 
S$ = ASCII adjust for subtract 
DAS = Decimal adjust for subtract 
UL = Multiply (unsigned). 


Register-Byte 
Register-Word 
emory-Byte 

iemory-Word 


MUL = Integer multiply (signed): 


Register-Byte 
Register-Word 
iemory-Byte 

emory-Word 


IMUL.~ Integer Ienmediate muttiply 


on 


DIV = Divide (unsigned) 


Register-Byte 
Register-Word 
emory-Byte 

emory-Word 


DIV= Integer divide (signed) 


Register-Byte 
Register-Word 
emory-Byte 

iemory-Word 


M = ASCII adjust for multiply 
D = ASCII adjust for divide 
BW = Convert byte to word 


WD = Convert word to double word 


OGIC 
Shift/Rotate instructions: 


Register/Memory by 1 


Register/Memory by CL 


FORMAT 


00101111 


mod100 1r/m 


1111011w |[mod101 = ¢r/m 


01101064 |modrag 


111101%1w }|mod 110 r/m 


1111011w |modi11 = ¢r/m 


11010100 | 00001010 
11010101 | 00001010 


10011000 


10011001 


1101000w jmodTTT r/m 


[1101001 |mod TT r/m 


a 


L1190000w jmogTrt sl count | 


TIT 


000 
001 
010 
011 


vm] date | datas = 6 


instruction 
ROL 
ROR 
RCL 
RCR 


100 SHL/SAL 


101 
111 


Shaded areas indicate instructions not available in 80C86/88 microsystems 
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SAR 


cLockcount | COMMENTS _| 


ar 


5+n8+n* 
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80C286 Instruction Set Summary (Continued) 


CLOCK COUNT 


Protected 
Real Virtual Real 


UNCTION FORMAT 


RITHMETIC (Continued) 
ND = And: 


Reg/memory and register to either 001000dw 


mmediate to register/memory 1000000w | mod100 r/m data data if w=1 


mmediate to accumulator 0010010w data if w= 1 


EST = And function to flags, no result: 


Register/memory and register 1000010w | modreg r/m 


mod000 r/m data data if w= 1 


mmediate data and accumulator 1010100Ww data data if w= 1 


mmediate data and register/memory 


OR = Or: 


Reg/memory and register to either 000010dw | modreg r/m 


CMOS MICRO- 
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mmediate to register memory 1000000w | mod001 r/m data data if w= 1 
mmediate to accumulator 0000110w data data if w= 1 
XOR = Exclusive or: 


Reg/memory and register to either 001100dw | modreg r/m 


mmediate to register/memory 1000000w | mod110 r/m data 


mmediate to accumulator 0011010w data 
OT = Invert register/memory 
STRING MANIPULATION: 
OVS = Move byte/word 1010010w 
MPS = Compare byte/word 
SCAS = Scan byte/word 
L.ODS = Load byte/wd to AL/AX 


STOS = Stor byte/wd from AL/A 3 2 9 


My ngs Mente Mp, MY RUM A A OW OY et NT 8 CR ie . YR ES wT RA YR Me FOR MR PR FO RAB OR SY BY Sa MAP ay Ea me raryupioy iiweykinn 4 foun Arh oth ereatvupresliyd at 
? ' : ‘ an yh De, de, Cag 
' q " : tak, we dee aah 
i ti 4, ag Zr ae a 
ce i) H A a ‘ , : i r ‘ c+ Se ie | a 
dialing " f v Lil : . ? 3 meee : 1 a it, i ii 3 
. A ’ q es OR , A + byt PPD ably laytt 
. ,, ? ' « 4 a eran 2 US a cae: ae 4 eg Hteh PT sy 
q - t wy vot B rh mr ree YER A hy a ad 
‘ : ae ae!’ yg at pitty A 
: C ' : ' Ne t 4 Ki, Rae 
y beg a i} i] qj to 7 a a ¢¥ of § 
& bby i i ' a : poo ‘ 1 RR i By 8 te NY Blah 
’ i A j . , ' , ' i : i ’ ye Me yy UiMaMag 14 Heh 
eit a MT, ee foe Mae wm i Prat ga 7% ' : ‘i TO hae ne Mh ofa Le td ab ARI 


Repeated by count in CX 


OVs = Move string 11110011 | 1010010w 


MPS = Compare string 


5+4n 2 

5+9n 2,8 
SCAS = Scan stnng 5§+8n 2,8 
ODS = Load string 5+4n 2,8 


STOS = Store string 4+3n 2,8 


re Wn bret OEY Hate ate day aa atte day We Ey oe mA teli’s Wvlliey ad TAS Rieter ig Paha Nes RP eR — Ao YA oe A BB, 
i Prog Fp oe tr ate Jae 
! a F 


h 


Soci S88 WYN : SDR, ACR eR. oy 
1, 3 - 14 i Tha atid Bit at yd ay Bie adi 


ir 
aS: 


a dy 
Re RR 4 
‘ ole F ' i a” iar. ae 4 
Z , . + a $ ~ et Bint se aR 
i ? hs 4 a Hobs 2B ' 2 7 ft Rare ee ere 
im e , - 4, 4} i, Li, 
a Ce gop aoe De , My qe i ee 
oh iss re rs en oe ny Re is Et apt 3 Ee en! wae 
? ‘ ne oe Ks ie aS ‘ figs fer, EB Te PELE LF ie iy 
FS 4, ? . t ; MaDe! Ta OS ei | 
Boa pit rr are ‘ ae ey ee tna IR mE alt anal oh at 
a ree Ayu Bde hy ey thal EMR MMA ANS MRR 
Bie kata’ fh 4 ny ? 1 é fs ie dite i 
y iat tip at ie Ae h a a Wik Hipmelaie He ey 8 Fi ay 
ea ” G PR. te ee a if vodyeg a tay UROGEL, id ahi 
is aL Teer oe Cee STS UA TROT, Ma Hig 
‘He a , > + aS hy Paty Be ak ey aie OP EL fiefs es 
2 ik * CeCe et Me LIOR |: Bae NNR SIG 
‘i : : a a Yt et a a EUS ane piper a 
ig Be ee OME ee het FO Te ah Bag apt gle i ae) oi a aaa I 


Shaded areas indicate instructions not available in 80C86/88 microsystems 
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80C286 Instruction Set Summary (Continued) 


FORMAT 


ONTROL TRANSFER 
ALL = Call: 


Direct within segment 


Register/memory 
indirect within segment 
Direct intersegment 


10011010 segment offset 


Protected Mode Only (Direct intersegment): 
Via call gate to same privilege level 
Via call gate to different privilege level, no parameters 
Via call gate to different privilege level, x parameters 
Via TSS 
Via task gate 


segment selector 


Indirect intersegment 11111111 |mod011 = r/m (mod =# 11) 


Protected Mode Only (indirect intersegment): 
Via call gate to same privilege level 
Via call gate to different privilege level, no parameters 
Via call gate to different privilege level, x parameters 
Via TSS 
Via task gate 

JMP = Unconditional jump: 


Short/long 

Direct within segment 

Register/memory indirect within segment 
Direct intersegment 


11101010 


Protected Mode Only (Direct intersegment): 
Via call gate to same privilege level 


cLockcount ___|__— COMMENTS _| 


Protected Protected 
Virtual Virtual 
Address Address 
Mode Mode 


Real 
Address 
Mode 


Real 
Address 
Mode 


7+m 7+m 


7+m,11+m*!] 7+m, 11+m* 


11,12,18 


41+m 
82+m 
86 + 4x+m 
177+m 
182+m 


8,11,12,18 
8,11,12,18 
8,11,12,18 
8,11,12,18 
8,11,12,18 


29+ m* 8,9,11,12,18 


44+m* 
83 +m* 
90+ 4x +m* 
180 + m* 
185+ m* 


8,9,11,12,18 
8,9,11,12,18 
8,9,11,12,18 
8,9,11,12,18 
8,9,11,12,18 


7+m 7+m 18 


7+m 7+m 18 


7 +m, 11+m* | 7+m,114+m°* 9,18 


1i+m 23+m 11,12,18 


38+m 
175+m 
180+m 


Via TSS 
Via task gate 


mod101 r/m (mod¥ 11) 


indirect intersegment 11111111 


Protected Mode Only (Indirect intersegment): 
Via call gate to same privilege level 
Via TSS 
Via task gate 

RET = Return from CALL: 


26+m* 


41+m* 
178+m* 
183 +m* 


Within segment 11000011 
ithin seg adding immed to SP 


Intersegment 11001011 


data-high 


Intersegment adding immediate to SP 11001010 


Protected Mode Only (RET): 
To different privilege level 


3-100 


8,11,12,18 
8,11,12,18 
8,11,12,18 


8,9,11,12,18 
8,9,11,12,18 


8,9,11,12,18 
8,9,11,12,18 


8,9,18 
8,9,18 
8,9,11,12,18 


8,9,11,12,18 


9,11,12,18 
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80C286 Instruction Set Summary (Continued) 


CONTROL TRANSFER (Continued) 

JE/JZ = Jump on equal zero 

JL/JNGE = Jump on less/not greater or equal 
JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 
JBE/JNA = Jump on below or equal/not above 
JP/JPE = Jump on panty/parity even 

JO= Jump on overflow 

JS = Jump on sign 

JNE/JNZ= Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/ greater 
JNB/JAE = Jump on not below/above or equal 


JNBE/JA= Jump on not below or equal/above 


JNP/JPO = Jump on not par/par odd 
JNO = Jump on not overflow 

JNS = Jump on not sign 

LOOP = Loop CX times 


LOOPZ/LOOPE = Loop while zero/equal 


LOOPNZ/LOOPNE = Loop while not zero/equal 


JCXZ = Jump on CX zero 


INTO = Interrupt on overflow 


FORMAT 


01110100 


01111100 


01111110 


i 


01110010 


01110110 


01111010 


01110000 


01111000 


01110101 


01111101 


01111111 


01111011 


01110001 


11100010 


11100001 


Shaded areas indicate instructions not available in 80C86/88 microsystems 
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7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7 +mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 


7+mor3 


7+mor3 
7+mor3 
7+mor3 
8+mor4 
8+mor4 
8+mor4 


8+mor4 


23+m 
23+m 
24+mor3 


(3 if no 
interrupt) 


7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 


7+mor3 


7+mor3 
7+mor3 
7+mor3 
8+mor4 
8+mor4 
8+mor4 


8+mor4 


(3 if no 
interrupt) 
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80C286 Instruction Set Summary (Continued) 


CLOCK COUNT 


UNCTION FORMAT 


ONTROL TRANSFER (Continued) 
Protected Mode Only: 


Via interrupt or trap gate to same privilege level 7,8,11,12,18 
Via interrupt or trap gate to fit different privilege level 7,8,11,12,18 
Via Task Gate 7,8,11,12,18 


RET = Interrupt return 8,9,11,12,15,18 


Protected Mode Only: 
To different pnvilege level 
To different task (NT = 1) 


8,9,11,12,15,18 
8,9,11,12,18 


“ + 


Lorsgonto 


7 , 7 


. 
x 
¥ 


iPEEEVUEEE 


PROCESSOR CONTROL 
LC = Clear carry 


MC = Complement carry 


STC = Set carry 11111001 
LD = Clear direction 
STD = Set direction 11111101 
LI = Clear interrupt 
STi = Set interrupt 11111011 
LT = Halt 11110100 
AIT = Wait 10011011 


OCK = Bus lock prefix 11110000 


iri Chonr task enliched ag Leaeorits | 


SC = Processor Extension Escape 


(TTT LLL are opcode to processor extension) 


G = Segment Overri 001 reg 110 


’ ae Lee 
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80C286 Instruction Set Summary (Continued) 


FUNCTION 


FORMAT 


PROTECTION CONTROL, (Contined 
ATP ocl tak vege 
| | ern ragheted/ ineeneiey 
Se eghiter mamnony 
from ragiatec !maniory 
sen ~ Bee rac aos wont 
fom og emery | OOoOT11t | O90oNO10 1: 
from ragieten/ memory 
JRL, « Adhont roquentod privilege level: 
| fron reginter i neenony 
‘eaibianagaisae icine de 
NCAR «= Viertly welt acooen: 


[eo001111 | eoacoess Lmodieg ten | 
04190011 ae 
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PROCESSORS 


Shaded areas indicate instructions not available in 80C86/88 microsystems 
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TT -t*l*l-l*]+1*]*l+]*l*lel*l*l* 
ADD ADD ADD ADD ADD ADD | PUSH OR OR OR OR PUSH |PVAM n 
b,f,r/m w,f,r/m | b,t.r/m | w,t.r/m b,ta W,ta ES b,f,r/m | w,f,r/m [ b,t.r/m | w,tr/m cs 
ADC ADC ADC ADC ADC ADC PUSH POP SBB SBB SBB SBB SBB SBB PUSH POP 
b,f,r/m w,f,r/m | b,t.r/m | w,tr/m b,ia w,la Ss ss b,f,r/m | w,f,r/m | b,t,r/m | w,t,r/m b,! w,l DS DS 
AND AND AND AND AND AND SEG DAA SUB SUB SUB SUB SUB SUB SEG DAS 
b,f,r/m w,f,r/m | b,t,r/m | w,t,r/m b,la W,la =ES b,f,r/m | w,f,r/m | b,t,r/m } w,t,r/m b,! w,! =CS: 
XOR XOR XOR XOR XOR XOR SEG AAA CMP CMP CMP CMP CMP CMP SEG AAS 
b,f,r/m w,f,r/m | b,t,r/m | w,t,r/m b,la w,la =SS b,f.r/m | w,f,r/m | b,t.r/m | w,t,r/m b,i Ww, =DS 
INC INC INC INC INC INC INC INC DEC DEC DEC DEC DEC DEC DEC DEC 
AX CX DX BX SP BP Sl DI AX CX DX BX SP BP SI DI 
PUSH PUSH PUSH | PUSH | PUSH {| PUSH | PUSH | PUSH POP POP POP POP POP POP POP 
AX CX DX Bx SP BP S| DI AX CX DX BX SP BP 
PUSHA POPA |BOUND] ARPL PUSH | IMUL | PUSH | IMUL INSW | OUTSB/JOUTSW 
w,! w,t.r/m,i b,! b,t,r/m,! 
JO 
4 


ie i‘ 
Immed immed | immed] immed] TEST | TEST | XCHG | XCHG | MOV MOV MOV MOV MOV LEA MOV POP 
b,r/m w,r/m b,r/m is,r/m b,r/m | w,r/m b,r/m | wyr/m | b,f,r/m | w,f,r/m | b,t.r/m | w,tr/m | sr,f,r/m sr,t.r/m r/m 
XCHG XCHG | XCHG | XCHG | XCHG] XCHG | XCHG | XCHG | CBW CWD | CALL | WAIT |PUSHF] POPF | SAHF | LAHF 
A CX DX BX SP BP Sl DI 1,d 
MOV MOV MOV MOV |MOVSBIMOVSWICMPSB |ICMPSW]I TEST | TEST | STOSB|STOSW{LODSB |LODSW SCASBiSCASW 
m-AL m-AX AL-m AX-m b,1,a W,l,a 
MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV 
1-AL I-CL i~DL I-BL I-AH i-CH I-DH i-BH 1-AX I-CX I-DX 1-BX I-SP 1-BP 1-S! i-D] 
Shift Shift RET RET LES LDS MOV ; MOV |ENTER] LEAVE] RET RET INT INT INTO IRET 
b,! Ww (itSP) b,ir/m | w,ir/m 1,(i*SP) | Type 3] (any) 
Shift Shift Shift Shift AAM AAD XLAT ESC ESC ESC ESC ESC ESC ESC ESC 
b Ww b,CL b,CL 0 1 2 3 4 5 6 7 
LOOPNZ/} LOOPZ/}| LOOP | JCXZ OUT OUT CALL JMP JMP JMP IN IN OUT OUT 
LOOPNE | LOOPE b w d d 1,d si,d DX,b DX,w DX,b DX,w 
LOCK REPZ CMC { Grp 1 {| Grp 1 CLC STC CLI STI CLD STD Grp 2 | Grp 2 
b,r/m | w,r/m b,r/m w,r/m 


N 


JNO JB/ JNB/ JE/ JNE/ | JBE/ | JNBE/ JS JP/ JNP/ JL/ JNL/ | JLE/ | JNLE/ 
JNAE | JAE JZ JNZ JNA JA JPE JPO | JNGE | JGE JNG JG 
A 


xujeyy Guipoougz vononsysuj eury2ey 98ZD08 


987208 


800286 


80C286 Machine Instruction Encoding Matrix (Continued) 


where: 


b = byte operation 

d = direct 

f = from CPU reg 

1 = immediate 

ia = immediate to AX 

id = indirect 

Is = immediate byte sign extension 
1 = long te. intersegment 

n= 2nd byte of PVAM instruction 


Footnotes 


The Effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 


if mod = 11 then r/m is treated as a REG field 
if mod = 00 then DISP = 0’, disp-low and disp-high are absent 


if mod = 01 then DISP = disp-low sign extended to 16 bits, disp- 
high is absent 


if mod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (DI) + DISP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (DI) + DISP 
if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (DI) + DISP 

if r/m = 110 then EA + (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data is 
required) 


* except if mod = 00 and r/m = 110 then EQ = disp-high: 
disp-low. 


IMUL 


SHL/SAL 


m = memory 
r/m = EA ts second byte 
si = short intrasegment 
sr = segment register 

t = to CPU register 

v = variable 

w = word operation 

z = zero 


Segment Override Prefix 


001reg 110 


reg is assigned according to the following: 


REG SEGMENT REGISTER 
00 ES 
01 CS 
10 SS 
11 DS 


REG is assigned according to the following table: 


16-BIT (w = 1) 8-BIT (w = 0) 
000 AX 000 AL 
001 CX 001 oe 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 S| 110 DH 
111 DI 11 BH 


The physical addresses of all operands addressed by the 
BP register are computed using the SS segment register. 
The physical addresses of the destination operands of the 
string primitive operations (those addressed by the DI 
register) are computed using the ES segment, which may 
not be overridden. 
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CMOS MICRO- 


PROCESSORS 


™ HARRIS 80C286/883 


High Performance Microprocessor 


January 1992 With Memory Management and Protection 
Features | Pin Configurations 
© This Circuit is Processed in Accordance to Mil-Std-883 and is Fully COMPONENT PAD VIEWS 
Conformant Under the Provisions of Paragraph 1.2.1. As viewed from underside of the component 


h ted on the board. 
¢ Compatible with NMOS 80286/883 When MoOUmed On the Doar 


Vss 
0 
1 
2 
3 
4 
5 


e 10MHz Operation (80C286-10/883) rates 
e 12.5MHz Operation (80C286-12/883) gageseeea 
e Static CMOS Design for Low Power Operation 


@® 
®© 
@®® 
®® 


ERROR NC 


®® 
@®© 


> ICCSB = 5mA Maximum Ao bo 
> ICCOP = 185mA Maximum (80C286- 10/883) Veo CLK 
> ICCOP = 220mA Maximum (80C286-1 2/883) ag RESET 
e Large Address Space: Ay AG 
>» 16 Megabytes Physical 
> 1 Gigabyte Virtual per Task Ais AN? 


e Integrated Memory Management, Four-Level Memory Protection 
and Support for Virtual Memory and Operating Systems 


¢ Two 80C86 Upward Compatible Operating Modes: 
> 80C286/883 Real Address Mode 


NC BUSY 
INTR NC 

NMI NC 
PEREQ Vsg 
READY Vec 
HLDA HOLD 
M/1O —- COD/INTA 


NC LOCK 


@©O®DOHO®OOOO® 
O®@OODOBOOO@® 


PIN 1 INDICATOR 


222 8 8 S41 
a<q<¢q@q> 4 


NC 
BHE 


> Protected Virtual Address Mode P.C. BOARD VIEWS 
: : : ' As viewed from the component side of th 
¢ Compatible with 80287 Numeric Data Co-processor ve pa eas Da tenes tor 


e Available in 68 Pin PGA (Pin Grid Array) Package 
e Wide Operating Temperature Range ........... -559C to +125°9C 


5 
4 
3 
2 
1 
0 
Vss 


rn © 8 + 2 8 2 
ao 0o @ 6 G6 4a 04 


Description 


The Harris 80C286/883 is a static CMOS version of the NMOS 80286 a 
microprocessor. The 80C286/883 is an advanced, high-performance x ee 
microprocessor with specially optimized capabilities for multiple user and Weg PERES 
multi-tasking systems. The 80C286/883 has built-in memory protection Vec READY 
that supports operating system and task isolation as well as program and pene tree 
data privacy within tasks. The 80C286/883 includes memory management | 
capabilities that map 230 (one gigabyte) of virtual address space per task 

into 224 bytes (16 megabytes) of physical memory. bag ktele 


®©®® 
CIS) 
@® 
@®@ 
©®@ 


® © 


®® 
CROIOIOTOIOIOIONS) 


SQ PEACK 


The 80C286/883 is upwardly compatible with 80C86 and 80C88 software 

(the 80C286/883 instruction set is a superset of the 80C86/80C88 | 
instruction set). Using the 80C286/883 real address mode, the 80C286/ 

883 is object code compatible with existing 80C86 and 80C88 software. In 

protected virtual address mode, the 80C 286/883 is source code compati- 

ble with 80C86 and 80C88 software but may require upgrading to use 

virtual address as supported by the 80C286/883’s integrated memory 

management and protection mechanism. Both modes operate at full 

80C 286/883 performance and execute a superset of the 80C86 and 

80C88 instructions. 


BHE 
NC 


The 80C286/883 provides special operations to support the efficient 
implementation and execution of operating systems. For example, one 
instruction can end execution of one task, save its state, switch to a new 
task, load its state, and start execution of the new task. The segment-not- 
present exception and restartable instructions. 


Copyright © Harris Corporation 1992 File Number 2948 
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Specifications 80C286/883 


Absolute Maximum Ratings Reliability Information 


Supply Voltage 4s. 62% de Sele de ne Shan ioieseeeronswekust FB.OV Dig ccc cece cece cece cence secre nnseeenss 17°C/W (PGA Package) 
Input, Output or I/O Voltage Applied ....GND -1.0V to Voc +1.0V Oia vec vecccccecsesesccssccseesscresens 419C/W (PGA Package) 
Storage Temperature Range ............+.06. -65°9C to+150°C Maximum Package Power Dissipation...............0008. 1.22W 
Junction Temperature ....... 0... ccc cece ce cece ees +175°9C = Typical Derating Factor........... 17mA/MHz Increase in ICCOP 
Lead Temperature (Soldering, 10 Seconds) ............. #Q00°C ‘Gate Count. :2sis.e cc tedious ee ee eneeuss 22,500 Gates 
ESD ClassitiCalion :ive5% cvcka te aweenG ce iudios ads oh eoe Class 1 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings" may cause permanent damage to the device. This 1s a stress only rating and oper- 
ation of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Operating Conditions 


Operating Voltage Range ......... cece cece eee +4.5V to+5.5V = Input RISE/FALL Time (From 0.8V to 2.0V) 
Operating Temperature Range ............... -559C to +125°9C SOC256=10/883 ee ois 5s ke ho eS eS ead ewe oe wweaes 10ns (Max) 
System Clock (CLK) RISE Time (From 1.0V to 3.6V) ..... 8ns (Max) BOC 286412/689 seas ei less ceheved eaten eee aces 8ns (Max) 


System Clock (CLK) FALL Time (From 3.6V to 1.0V)..... 8ns (Max) 


TABLE 1. 80C286/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 
Vit 


Input LOW Voltage on 


Input HIGH Voltage 


GROUP A 


CONDITIONS SUBGROUPS UNITS 


Output LOW Voltage 


PROCESSORS 


CMOS MICRO- 


Output HIGH Voltage VOH IOH =-2.0mA, 


Input Leakage Current Vin = GND or Vcc 
Vcc = 5.5V, Pins 29, 


31,57, 59, 61, 63-64 


Voc = 4.5V and 5.5V 
VIN = 1.0V, Note 1 


Input Sustaining 
Current on 
BUSY and ERROR Pins 


Output Leakage Current 


Active Power 
| Supply Current 


Standby Power 
Supply Current 


Voc = 4.5V and 5.5V 
Vin = GND, Note 5 


Vo = GNDorVcc 
Voc = 5.5V, Pins 1, 
7-8, 10-28, 32-34 


80C286-10/883, 
Note 4 


80C 286-1 2/883, 
Note 4 


> 


EEE REE 


- IBHL Should be measured after lowering Vix, to GND and then raising to 1.0V on the following pins: 36-51, 66, 67 


- IBHH Should be measured after raising Vix) to Voc and then lowering to 3.0V on the following pins: 4-6, 36-51, 66-68. 


- ICCOp Measured at 10MHz for the 80C286-10/883 and 12.5MHz for the 80C286-1 2/883. Vij, = 2.4V or 0.4V, Voc = 5.5V, outputs unloaded. 
. Igy should be measured after raising Vix to Vcc and then lowerng to OV on pins 53 and 54. 


1 
2 
3. Iccsp should be tested with the clock stopped in phase two of the processor clock cycle. Vin = Voc or GND, Vcc = 5 5V, outputs unloaded. 
4 
5 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications 80C286/883 


TABLE 2. 80C286/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Datasheet Waveforms, Unless Otherwise Noted. 


Device Guaranteed and 100% Tested. 
80C286/883 
GROUP A 


PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE Min | MAX | MIN | MAX | UNITS 


System Clock 1 Voc = 4.5V 9,10,11. |-559°C <Ty <+125°C 

(CLK) Period and 5.5V 

System Clock Voc = 4.5V and 9, 10, 11 -559C <Ta < +1259C 11 

(CLK) Low Time 5.5V @ 1.0V 

System Clock 3 Voc = 4.5V and 9, 10, 11 ~559C <Ta < +1259C 
(CLK) High Time 5.5V @ 3.6V 


Asynchronous 9, 10, 11 ~559C <Ta < +1259C a 


Note 1 


Inputs SETUP Time 
Asynchronous -559C <Ta < +1259C 


Inputs HOLD Time 
Note 1 


RESET SETUP Time 1 6s 


RESET HOLD Time 
Read Data 

SETUP Time 

Read Data 

HOLD Time 


READY HOLD Time 


Status/PEACK 
Active Delay 
Note 4 


9, 10, 11 


9,10,11 |-55°C <Ta < +1250C 
C 


9,10,11 |-55°C <T, < +1250 oe 
9,10,11 |-55°C <T,a <+1250C i 
-559C <Ta <+1259C i 


9, 10, 11 -55°C <Ta < +125°C 


~55°C <Ta <+1250C 


9, 10, 11 -559C <Ta <+1259C 


ee ek 


Status/PEACK 
Inactive Delay 
Note 3 


9, 10, 11 


Address Valid Delay Voc = 4.5V and 
Note 2 5.5V, CL = 100pF 


IL =l2ma | 


Delay Note 2 
HLDA Valid Delay 15 
Note 5 


NOTES: 1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 


. Delay from 1.0V on the CLK to 0.8V or 2.0V. 

. Delay from 1.0V on the CLK to 0 8V for Min (HOLD time) and to 2.0V for Max (inactive delay). 
. Delay from 1.0V on the CLK to 2.0V for Min (HOLD time) and to 0.8V for Max (active delay). 

. Delay from 1.0V on the CLK to 2.0V. 


9,10,11 |-55°C <T, < +1259C 


a ® ® N 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications 80C286/883 


TABLE 3. 80C286/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


80C286/883 
PARAMETER SYMBOL | CONDITIONS | NOTES TEMPERATURE SoBe UNITS 


1/O Capacitance Cvo 


Address/Status/Data 1,3, 4,5 

Float Delay 
Address Valid to Status IL =| 2.0mA | 1,2, ~55°C <Ta<+1259C | 27 
SETUP Time 


NOTES 1. Output Load: Cy = 100pF 
Delay measured from address either reaching O 8V or 2 OV (valid) to status going active reaching 0.8V or status going inactive reaching 2.0V. 
Delay from 1 OV on the CLK to Float (no current drive) condition. 

. IL = -6MA (VoH to Float), | = 8MA (Vo, to Float). 


oO & ®© ND 


. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are charac- 
terized upon initial design and after major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD SUBGROUPS 


interim Test | 100%/5004 5004 
Final Test 100% 2, 3, 8A, 8B, 10, 11 


CMOS MICRO- 
PROCESSORS 


CAUTION. These devices are sensitive to electronic discharge Proper IC handling procedures should be followed 
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Specifications 80C286/883 
A.C. Electrical Specifications (Continued) 


82C284 and 82C288 TIMING SPECIFICATIONS ARE GIVEN FOR REFERENCE ONLY, AND NO GUARANTEE IS IMPLIED. 
82C284 TIMING 


| tomHz | 12.5MHz 
emo | emer an [une [ a [| ww | resrenoen 


TIMING REQUIREMENTS 


ARDY/ARDYEN Hold Time 


TIMING RESPONSES 


—— PPeEE 


82C288 TIMING 


| tome: | 12.5MHz 
mon | sannren [er Tm] | rer conan 


TIMING REQUIREMENTS 


[ie [emouvseuptine ———COC~<“—~*~‘ir eT | PT ] 
18 [omouvrotime SCP Pt PP | 


TIMING RESPONSES 


[46 | AleAciveDewy SSSCSC~=“*‘~*~idiCTC*d Vf | 

[a7 [ate tnaciveDelay ——SSS—~—SCS dt Pt 
[19 | Dt ReadAciveDeay ——S—SS—~—~—~— Sid ns Pe 
[20 | DENReadActveDelay ——SS—~—~—SC—i CP es Pe 
[a1] DENReadinactveDeay ——SS—~—~—iY (fs | 
[22 | DrAReadinactveDelay ——S—~—~—~—i Cw | te 
[23 | DENWhite AetveDelay —S~—~—S Sid ns P| 
[24 [23 {3 | 20 | re | 
oa ee 3 a 
Le Fe al 


23 


1 
C, = 150pF 
lo” = 16mA Max 
IOH = -1mA Max 
DEN Write Inactive Delay 2 3 
Command Active Delay from CLK 3 21 


Command Inactive Delay from CLK | 3 | 20 | 3 | 


NOTE 1. These times are given for testing purposes to ensure a predetermined action. 
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80C286/883 


A.C. Specifications (Continued) 


A.C. DRIVE AND MEASURE POINTS - CLK INPUT 


4.0V 
CLK INPUT 
0.45V 
4.0V 
3.6V 3.6V 
CLK INPUT 
1.0V 1.0V 
7) 
0.45V fe o 
On 
=i 
tsETUP tHOLD 2 O 
=° 
24 ESROK SOOO sil 
KOK ISOS 
OSOKKKA XxX) 
DEVICE LRN RX 
Os. OS 
05509 IRS 
0.4V OO VPOOLLOO 
DELAY (Max.) 
tDELAY (Min.) 
MOM MOM MAM AME CECECES CE 
OOO OCCOCOCCOCCCCCCC 66.6: ON : 
OUTPUT SC 
SSS SSO IK 
ees ecerenecerenecererecererenecacenece, ote: Mbnnl 


XXX XXXKX xx x OF CSN 


a 


ava 


NOTE:. For A.C. testing, input rise and fall times are driven at ins per volt. 


3-111 


80C286/883 


Waveforms 
READ CYCLE WRITE CYCLE 
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ 
WAIT ie WAIT oo (Ty OR Ts) 
BUS CYCLE TYPE 


¢1 


S1¢S0 


a 
ie : ee — 
ix ADDRESS 


=| uta. coo Rik mk ie =) a ee aad end VALID ~_ 
sf E se a) A 
MMMM, CO 1/7, Pe 


fT .. hase: WRITE DATA Me 


ela TL NO ae ML, 


@ 
SRDY + SRDYEN emer bla elena 


READY WOOO 


820284 (See Note 2) 


* 
©) 
ARDY + ARDYEN LLL er esos rea ne ROMO ULL peo WLLL 


~ UA L- 
ae pe 


; emmmmbonbn 
~ 2) Go) 


MWTC —— E 
MRDC 
DT/R ae 


© 
EMDLY MOXA ranE 


820288 (See Note 2) 


DEN 
MAJOR CYCLE TIMING 


NOTES: 1. The modified timing ts due to the CMDLY signal being active. 
2. 820284 and 82C288 timing waveforms are shown for reference only, and no guarantee is implied. 


3-112 


80C286/883 


Waveforms (Continued) 


80C286/883 RESET INPUT TIMING AND 
80C286/883 ASYNCHRONOUS INPUT SIGNAL TIMING SUBSEQUENT PROCESSOR CYCLE PHASE 


BUS CYCLE TYPE 
CLK 
PCLK 


(SEE NOTE 1) 


INTR, NMI 
HOLD, PEREQ 
(SEE NOTE 2) 


ERROR, BUSY 
(SEE NOTE 2) 


NOTES: 1. PCLK indicates which processor cycle phase will occur on the NOTE When RESET meets the setup time shown, the next CLK will start or 
next CLK PCLK may not indicate the correct phase until the first repeat 2 of a processor cycle 
cycle is performed. 


2 These inputs are asynchronous The setup and hold times 
shown assure recognition for testing purposes 


EXITING AND ENTERING HOLD 


CMOS MICRO- 
PROCESSORS 


BUS aah TYPE TH Is ORT 7 Ty 


CLK 
HLDA 
(SEE NOTE 4) 


: 7 _ ee 
S|. PEAK saseoveoce! Z Di ae ee a 
= IF NPX TRANSFER 
(SEE NOTE 1) 
ee (SEE NOTE 5) @ 
aig erase << CE S~S~*C 
COD/INTA (SEE NOTE 2) 
(SEE NOTE 6) 
Dy5-09 ~------------------------- — >>>, matatetetetetetetetatatetenetetetets 
VALID 
iF WRITE 
o 
fom J NS NS LS TTS 
[=~] 


NOTES: 1. These signals may not be driven by the 80C286/883 during the time shown. The worst case in terms of latest float time is shown. 
2. The data bus will be driven as shown #f the last cycle before T; in the diagram was a write Tc. 
3. The 80C286/883 puts tts status pins in a high impedance logic one state during Ty. 
4. For HOLD ) request set up to HLDA, refer to Figure 29. 
5. BHE and LOCK are driven at this time but will not become valid until Ts. 
6. The data bus will remain in a high impedance state if a read cycle is performed. 
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80C286/883 


Waveforms (continued) 
80C286/883 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 


BUS CYCLE TYPE _ : : : : 
Ven | 02 o 58 62 LA," 92 o1 TS 42 ot © 92 o 
CLK 
VeL 1/0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 
MEMORY READ IF MEMORY TO PROC. EXT. / 1/0 WRITE IF MEMORY TO PROC. EXT. 
Si 50 
MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER I/O PORT 
An3 - Ap ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER 
fi. cop INTs are) ae 
le j=— I 1/0 PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
—_— | MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 
PEACK (SEE NOTE - 1) 


(SEE NOTE - 2)- 6) | 
4) 
PEREQ \\\\\\AAN LULL 


ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 800286/883 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 


NOTES: 1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation will be 
either a memory read at operand address or I/O read at port address OOFA(H). 
2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) ts 3 x M - 12Amax. - @min, The 
actual, configuration dependent, maximum time is: 3 x © - 12Amax. - @min, +N x 2 x ©. N ts the number of extra To states added to either the 
first or second bus operation of the processor extension data operand transfer sequence. 


INITIAL 80C286/883 PIN STATE DURING RESET 


BUS CYCLE TYPE : : : 7 
VcH 62 ot ™ 92 (te Be) oh ae aie, 2 
CLK | 
Vel © wine 2) 6) 
ReseT | | attest | 
16 CLK PERIODS 
Si «SO 


en 
v, 
ne unewown 


’ -—_—__— 
2 UNKNOWN aay (eae Lae 
un ONKNOWN as . 
COD/INTA ie aN aT ae eee 
a3 a 
ie aan 
LOCK UNKNOWN 


TAW)))))N))NIIID)INDID)DD)))9999))9)))9)))))))) sae a 


HLDA UNKNOWN 
ne ener 


NOTES: 1. Setup time for RESET { may be violated with the consideration that o1 of the processor clock may begin one system CLK period later. 
2. Setup and hold times for RESET {| must be met for proper operation, but RESET {| may occur during $1 or $2. 
3. The data bus is only guaranteed to be in a high impedance state at the ttme shown. 
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80C286/883 


Burn-In Circuit 
80C286/883 PGA 


Fe , 
F4 cam are ool aaa Tee 
ot 


=EPEEPEEEEEEEE EE 


5251 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 


arvvva 
Ie 
ee; 
serra a 
aah A 
Ri 
aseren 
Ri 
Be st 
cress og 
fo ro 
arvvva On 
nO =o 
on 
oe) 
GND = o 
C1 Oa 
5.5V 
NOTES: 1 Supply Voltage 5. Oven Type and Frequency Requirements 
Vop = 55V Wakefield Oven Board fg = 100kHz, fg = 12.5kHz, | 
Vssg = 0.0V f4 = 6.25kHz, fg = 3.125kHz, f7 = 781.25Hz. | 
2 Input Voltage Limits 6 Special Requirements 
Vip (Maximum) = 0.8V (a) ELECTROSTATIC DISCHARGE SENSITIVE. Proper 
Virq (Minimum) = 2 OV Precautions Must be Used When Handling Units 
3. Component Values (b) All Power Supplies Must be at Zero Volts When the Boards 
RC = 1kM +5% are Inserted into the Ovens. 
RI = 10kN +5% (c) When Powering Up, the Inputs Must be Held Below the Vop 
RO = Two Series 2 7kM +5% Voltage. 


(d) If an Excessive Current is Indicated at Final Inspection, 
Check to See if a Part is Inserted Backwards or ts Latched 
Up 


4. Capacitor Values 
C1 = 0.1 Microfarads 
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80C286/883 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
315 x 320 x 19 + 1 mils Material: Si-Au Eutectic Alloy 
METALLIZATION: Temperature: Ceramic PGA — 420°C (Max) 


Type: Si-Al WORST CASE CURRENT DENSITY: 2 x 10°A/cm2 


Thickness: 8kA LEAD TEMPERATURE (10 Seconds Soldering): < 300°C 
GLASSIVATION: 

Type: Nitrox 

Thickness: 10kA 


etallization Mask Layout 
80C286/883 


st y i peeeet GetaaT apn! aR OER pe depteede 
Oe Hee bee Bede RAS ORE! ROS 
it itt antirly E ag Hydey ta$t Fptref 
ate Wry tity te lt tO GAR Hat ale fe 
yinudat Hey ¢ 2 ay Habit 
pn at gut pat HBR De egy ey ga ee Re HB feet gh grttt far nt 
tPpattar & ten ptt genet ti 
; 
t pati 
fe lit 
daktet eh i i 


i 

Hert i ee ti 
ied HE 

Tee Bat BAe TPS ie 4 

pa Bae Me Ba Fh ef Lith 


it 
silt 


ee 


ih 

Li i i 

AGE ; i 

Yapitevutstisetene cytes f d RUMEN G Ei Anltak i Ape eoteteate-tt kee tote adeotn EAS 
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80C286/883 


Packaging 
68 PIN GRID ARRAY (PGA) 


1.140 
1.180 


080 
.120 


1.000 


16 


1.000 
BSC 


-100 
BSC 


025 
.060 


INDEX CORNER ID 

120 

140 

LEAD FINISH: Type C COMPLIANT OUTLINE: MIL-STD-1835, CMGA3-P68D 
MATERIALS: Compliant to MIL-M-38510 


SEATING PLANE 


NOTE. All Dimensions are a , Dimensions are in inches 
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CMOS MICRO- 
PROCESSORS 


Gt HARRIS 


January 1992 


Features 
¢ Compatible with NMOS 8086 
¢ Completely Static CMOS Design 


© DC oeacers de aie te cea abe a wculeleneaie 5MHz (80C86) 

BDC tt ons at ease saw ere el aaes 8MHz (80C 86-2) 
@ Low Power Operation 

PIG CSE as es female le talechcowde ac eaeeen 500uA (Max) 

PiICCOP see vissecueonsetitdeentert 10mA/MHz (Typ) 


© 1MByte of Direct Memory Addressing Capability 
e 24 Operand Addressing Modes 
e Bit, Byte, Word and Block Move Operations 


e 8 Bit and 16 Bit Signed/Unsigned Arithmetic 
> Binary, or Decimal 
> Multiply and Divide 


e Wide Operating Temperature Range 
PC SOCSG wits icin sews van dw ateoteres 0°C to +709C 
> 1I80C86 -40°C to +85°9C 
P MG0CS8G  sacuiceeinwodeeh cous . -55°C to +1259C 


Pinouts 


40 LEAD DIP 
TOP VIEW 


GND [1 | 
AD14 | 2 | 
AD13 | 3 | 
AD12{ 4] 
AD11 | 5 | 
AD10 | 6 | 
ADS 
ADs [8 | 
AD7 [9 
AD6 [10] 
ADS [11] 
AD4 [12] 
AD3 [13] 
AD2 |14) 
AD1 [15] 
ADO /16| 
NMI 
INTR [18] 
CLK /19) 
GND {20} 


Lf 


MAX MODE 
80C 86 


MIN MODE 
80C 86 


(HOLD) 
(HLDA) 
(WR) 
(M/ iO) 
(DT/ R) 
(DEN) 
(ALE) 
(INTA) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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CMOS 16 Bit Microprocessor 


Description 


The Harris 80C86 high performance 16 bit CMOS CPU is 
manufactured using a self-aligned silicon gate CMOS 
process (Scaled SAJI IV). Two modes of operation, 
MINimum for small systems and MAXimum for larger 
applications such as_ multi-processing, allow user 
configuration to achieve the highest performance level. Full 
TTL compatibility (with the exception of CLOCK) and 
industry standard operation allow use of existing NMOS 
8086 hardware and software designs. 


Ordering Information 


packaGe| rewp.rance | swiiz | ewnz _| 


Plastic 0°C to +709C CP80C86 CP80C86-2 


DIP -409C to+859C | IP80C86 IP80C86-2 
PLCC 0°C to +709CG CS80C86 CS80C86-2 


-559C to +1250C 
SMD# 


LCC -~559C to +1259C | MR80C86/B | MR80C86-2/8 
SMD# 8405201XA | 8405202XA 


Ceramic 
DIP 


44 LEAD PLCC AND LCC PACKAGE 
TOP VIEW 


NC 
vcc 
AD15 
A17 /S4\A17 /S84 


apemie Ob shack le WE sherk BE shle UE ls BS aieale cea eats Bele et 
9485 8190 1208 8218 8228 1230 1248 F250 F268 127! 128t 


Zz 
MIN MODE 
80C86 


MAX MODE 
80C 8&6 


2957 


File Number 
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Functional Diagram 


EXECUTION UNIT BUS INTERFACE UNIT 


RELOCATION 


REGISTER FILE REGISTER FILE 


SEGMENT 
REGISTERS & 
INSTRUCTION 
POINTER 
(5 WORDS) 


DATA, 
POINTER, & 


INDEX REGS 
(8 WORDS) 


16-BIT ALU 
FLAGS 


TEST ——— ” 
NMI O 
a een QSp, aS CO” 
AD/ETO 1 CONTROL & TIMING 2) aso, as =o 
Sut rr 
HOLD C3» 52,81, $0 ” ¢) 
HLDA 06 
=C 
O a 
CLK RESET READY MN/MX GND 
Vec 
MEMORY INTERFACE 
INSTRUCTION 
STREAM BYTE 
QUEUE 
gusi___cS_ 
INTERFACE] ss SS 
UNIT; DS | EXECUTION UNIT 
CONTROL 
SYSTEM 
ARITHMETIC/ 
LOGIC UNIT 
EXECUTIO 
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Pin Description 


The following pin function descriptions are for 80C86 _ interface connection to the 80C86 (without regard to 
systems in either minimum or maximum mode. The “Local additional bus buffers). 
Bus” in these descriptions is the direct multiplexed bus 


PIN 
SYMBOL | NUMBER DESCRIPTION 


AD15-ADO | 2-16,39 


ADDRESS DATA BUS: These lines constitute the time multiplexed memory/IO address (T1) 
and data (T2, T3, TW, T4) bus. AO is analogous to BHE for the lower byte of the data bus, pins 
D7-DO. It is LOW during T1 when a byte is to be transferred on the lower portion of the bus in 
memory or I/O operations. Eight-bit oriented devices tied to the lower half would normally 
use AO to condition chip select functions (See BHE). These lines are active HIGH and are 
held at high impedance to the last valid logic level during interrupt acknowledge and local 
bus “hold acknowledge” or “grant sequence”. 


A19/S6 35-38 
A18/S5 
A17/84 
A16/S3 


ADDRESS/STATUS: During T1, these are the four most significant address lines for 
memory operations. During I/O operations these lines are LOW. During memory and I/O 
operations, status information is available on these lines during T2, T3, TW, T4. S6 is always 
LOW. The status of the interrupt enable FLAG bit (S5) is updated at the beginning of each 
clock cycle. S4 and S3 are encoded as shown. 


This information indicates which segment register is presently being used for data 
accessing. 


These lines are held at high impedance to the last valid logic level during local bus “hold 
acknowledge” or “grant sequence”. 


[s¢_[ 88 | cuanacrennics 


Alternate Data 
Stack 

Code or None 
Data 


BUS HIGH ENABLE/STATUS: During T1 the bus high enable signal (BHE) should be used 
to enable data onto the most significant half of the data bus, pins D15-D8. Eight bit oriented 
devices tied to the upper half of the bus would normally use BHE to condition chip select 
functions. BHE is LOW during T1 for read, write, and interrupt acknowledge cycles when a 
byte is to be transferred on the high portion of the bus. The S7 status information is available 
during T2, T3 and T4. The signal is active LOW, and is held at high impedance to the last 
valid logic level during interrupt acknowledge and local bus “hold acknowledge” or “grant 
sequence”; itis LOW during T1 for the first interrupt acknowledge cycle. 


[ove [so cnanacrenenics 


Whole word 

Upper Byte from/to 
odd address 
Lower byte from/to 
even address 
None 


READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, 
depending on the state of the M/IO or S2 pin. This signal is used to read devices which reside 
on the 80C86 local bus. RD is active LOW during T2, T3 and TW of any read cycle, and is 

guaranteed to remain HIGH in T2 until the 80C86 local bus has floated. 


This line is held at a high impedance logic one state during “hold acknowledge” or “grant 
sequence”. 


READY: is the acknowledgement from the addressed memory or I/O device that will com- 
plete the data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A 
Clock Generator to form READY. This signal is active HIGH. The 80C86 READY input is not 
synchronized. Correct operation is not guaranteed if the Setup and Hold Times are not met. 


INTERRUPT REQUEST: is alevel triggered input which is sampled during the last clock 
cycle of each instruction to determine if the processor should enter into an interrupt acknowl- 
edge operation. A subroutine is vectored to via an interrupt vector lookup table located in 
system memory. It can be internally masked by software resetting the interrupt enable bit. 
INTR is internally synchronized. This signal is active HIGH. 
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Pin Description (Continued) 


The following pin function descriptions are for 80C86 __ interface connection to the 80C86 (without regard to 
systems in either minimum or maximum mode. The “Local additional bus buffers). 
Bus” in these descriptions is the direct multiplexed bus 


PIN 
SYMBOL | NUMBER DESCRIPTION 


TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution con- 
tinues, otherwise the processor waits in an “Idle” state. This input is synchronized internally 
during each clock cycle on the leading edge of CLK. 


NON-MASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system memory. NMI 
is not maskable internally by software. A transition from LOW to HIGH initiates the interrupt 

at the end of the current instruction. This input is internally synchronized. 


RESET: causes the processor to immediately terminate its present activity. The signal must 
transition LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts 

execution, as described in the Instruction Set description, when RESET returns LOW. RESET 
is internally synchronized. 


CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with 
a 33% duty cycle to provide optimized internal timing. 


VCC VCC: +5V power supply pin. A 0.1pF capacitor between pins 20 and 40 is recommended for 
decoupling. 

GND 1,20 GND: Ground. Note: both must be connected. A 0.1yF capacitor between pins 1 and 20 is 
recommended for decoupling. 


MN/MX MINIMUM/MAXIMUM: Indicates what mode the processor is to operate in. The two modes 


are discussed in the following sections. 


The following pin function descriptions are for the 80C86 in which are unique to minimum mode are described; all other 
minimum mode (i.e. MN/MX = VCC). Only the pin functions pin functions are as described below. 


MINIMUM MODE SYSTEM 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


M/IO STATUS LINE: logically equivalent to S2 in the maximum mode. Itis used to distinguish 


a memory access from an I/O access. M/IO becomes valid in the T4 preceding a bus 
cycle and remains valid until the final T4 of the cycle (M = HIGH, lO = LOW). M/IO is held to 
° TT 


a high impedance logic one during local bus “hold acknowledge”. 


WRITE: indicates that the processor is performing a write memory or write I/O cycle, 
depending on the state of the M/IO signal. WR is active for T2, T3 and TW of any write 
cycle. It is active LOW, and is held to high impedance logic one during local bus “‘hold 
acknowledge”. 


INTERRUPT ACKNOWLEDGE: is used as a read strobe for interrupt acknowledge 
cycles. It is active LOW during T2, T3 and TW of eacn interrupt acknowledge cycle. Note 
that INTA is never floated. 


ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 
82C82/82C83 address latch. It is a HIGH pulse active during clock LOW of T1 of any bus 
cycle. Note that ALE is never floated. 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use a data 
bus transceiver. It is used to control the direction of data flow through the transceiver. 
Logically, DT/R is equivalent to $1 in maximum mode, and its timing is the same as for 
M/IO (T = HIGH, R = LOW). DT/R is held toa high impedance logic one during local bus 
“hold acknowledge”. 


DATA ENABLE: provided as an output enable for a bus transceiver in a minimum system 
which uses the transceiver. DEN is active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle of T2 until the middle 
of T4, while for a write cycle it is active from the beginning of T2 until the middle of T4. 

DEN is held to a high impedance logic one during local bus “hold acknowledge”. 
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Pin Description (Continued) 


The following pin function descriptions are for the 80C86 in which are unique to minimum mode are described; all other 
minimum mode (i.e. MN/MX = VCC). Only the pin functions pin functions are as described below. 


MINIMUM MODE SYSTEM (Continued) 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


HOLD: indicates that another master is requesting a local bus “hold”. To be a acknowl- 
edged, HOLD must be active HIGH. The processor receiving the “hold” will issue a “hold 
acknowledge” (HLDA) in the middle of a T4 or TI clock cycle. Simultaneously with the 
issuance of HLDA, the processor will float the local bus and control lines. After HOLD is 
detected as being LOW, the processor will lower HLDA, and when the processor needs 
to run another cycle, it will again drive the local bus and control lines. 


HOLD is not an asynchronous input. External synchronization should be provided if the 
system cannot otherwise guarantee the setup time. 


The following pin function descriptions are for the 80C86 pin functions which are unique to maximum mode are 
system in maximum mode (i.e., MN/MX = GND). Only the described below. 


MAXIMUM MODE SYSTEM 


PIN 
SYMBOL NUMBER TYPE DESCRIPTION 


STATUS: is active during T4, T1 and T2 and is returned to the passive state (1, 1, 1) during 
T3 or during TW when READY is HIGH. This status is used by the 82C88 Bus Controller to 
generate all memory and I/O access control signals. Any change by S2, $1 or SO during T4 is 
used to indicate the beginning of a bus cycle, and the return to the passive state in T3 or TW 
is used to indicate the end of a bus cycle. 


These signals are held at a high impedance logic one state during “grant sequence”. 


[7 [si | 80 | characrensics | 


@) 0 .@) interrupt Acknowledge 
6) 6) 1 Read I/O Port 

0 1 0 Write I/O Port 

0) 1 1 Halt 

1 @) 6] Code Access 

1 0 1 Read Memory 

1 1 @) Write Memory 

1 1 1 Passive 


RQ/GTO 


RQ/GTO REQUEST/GRANT: pins are used by other local bus masters to force the processor to 
RQ/GT1 


release the local bus at the end of the processor's current bus cycle. Each pin is bi-girectional 
with RQ/GTO having higher priority than RQ/GT1. RQ/GT has an internal pull-up bus hold _ 
device so it may be left unconnected. The request/grant sequence is as follows (see RQ/GT 


Sequence Timing) 


1. Apulse of 1 CLK wide from another local bus master indicates a local bus request 
(“hold”) to the 80C 86 (pulse 1). 


2. During aT4 or Ti clock cycle, a pulse 1 CLK wide from the 80C86 to the requesting 
master (pulse 2) indicates that the 80C86 has allowed the local bus to float and that it 
will enter the “grant sequence” state at the next CLK. The CPU’s bus interface unit is 
disconnected logically from the local bus during “grant sequence”. 


3. Apulse 1 CLK wide from the requesting master indicates to the 80C86 (pulse 3) that 
the “hold” request is about to end and that the 80C86 can reclaim the local bus at the 
next CLK. The CPU then enters T4 (or TLif no bus cycles pending). 


Each Master- Master exchange of the local bus is a sequence of 3 pulses. There must 
be one idle CLK cycle after each bus exchange. Pulses are active low. 
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Pin Description (Continued) 


The following pin function descriptions are for the 80C86 
system in maximum mode (i.e., MN/MX = GNB). Only the 


MAXIMUM MODE SYSTEM (Continued) 


& © ND = 


- uy 


Qsi,qQso | 24,25 : 


Functional Description 


Static Operation 


All 80C86 circuitry is of static design. Internal registers, 
counters and latches are static and require no refresh as 
with dynamic circuit design. This eliminates the minimum 
operating frequency restriction placed on_ other 
microprocessors. The CMOS 80C86 can operate from DC 
to the specified upper frequency limit. The processor clock 
may be stopped in either state (HIGH/LOW) and held there 
indefinitely. This type of operation is especially useful for 
system debug or power critical applications. 


The 80C86 can be single stepped using only the CPU 
clock. This state can be maintained as long as is necessary. 
Single step clock operation allows simple interface circuitry 
to provide critical information for bringing up your system. 


Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can provide 
extremely low power operation since 80C86 power dissipa- 
tion is directly related to operating frequency. As the system 


PIN 
SYMBOL | NUMBER DESCRIPTION 


If the request is made while the CPU is performing a memory cycle, it will release the 
loca! bus during T4 of the cycle when all the following conditions are met: 


. Request occurs on or before T2. 
. Current cycle is not the low byte of a word (on an odd address). 

. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
. Alocked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will follow: 
1. Local bus will be released during the next cycle. 


2. Amemory cycle will start within three clocks. Now the four rules for a cur- 
rently active memory cycle apply with condition number 1 already satisfied. 


LOCK: output indicates that other system bus masters are not to gain control of the system 
bus while LOCK is active LOW. The LOCK signal is activated by the “LOCK” prefix instruc- 
tion and remains active until the completion of the next instruction. This signal is active 
LOW, and is held at a high impedance logic one state during “grant sequence”. In MAX 
mode, LOCK is automatically generated during T2 of the first INTA cycle and removed dur- 
ing T2 of the second INTA cycle. 


QUEUE STATUS: The queue status is valid during the CLK cycle after 
which the queue operation is performed. 


QS1 and QS0 provide status to allow external tracking of the internal 
80C86 instruction queue. Note that QS1, QSO never become high impedance. 


pin functions which are unique to maximum mode are 
described below. 


No Operation 
First byte of op code 
from queue 

Empty the Queue 
Subsequent byte from 
queue 


frequency is reduced, so is the operating power until, 
ultimately, at a DC input frequency, the 80C86 power re- 
quirement is the standby current, (500uA maximum). 


Internal Architecture 


The internal functions of the 80C86 processor are parti- 
tioned logically into two processing units. The first is the 
Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown in the CPU functional diagram. 


These units can interact directly but for the most part per- 
form as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic 
bus control. The overlap of instruction pre-fetching provid- 
ed by this unit serves to increase processor performance 
through improved bus bandwidth utilization. Up to 6 bytes 
of the instruction stream can be queued while waiting for 
decoding and execution. 
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The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 2 bytes in the queue, the BIU will 
attempt a word fetch memory cycle. This greatly reduces 
“dead-time” on the memory bus. The queue acts as a First- 
In-First-Out (FIFO) buffer, from which the EU extracts 
instruction bytes as required. If the queue is empty (follow- 
ing a branch instruction, for example), the first byte into the 
queue immediately becomes available to the EU. 


The execution unit receives pre-fetched instructions from 
the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. 


Memory Organization 

The processor provides a 20 bit address to memory, which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
OOO00(H) to FFFFF(H). The memory is logically divided into 
code, data, extra and stack segments of up to 64K bytes 
each, with each segment falling on 16-byte boundaries. 
(See Figure 1). 


[——_ FFFFFH 
64K BIT CODE SEGMENT 
: “3. XXXXOH 


STACK SEGMENT 
+ OFFSET 
SEGMENT 
REGISTER FILE DATA SEGMENT 
ae ae 
es See 
OS 
ea a 
EXTRA SEGMENT 
C——— o000H 


FIGURE 1. 80C86 MEMORY ORGANIZATION 
TABLE A. 
TYPE OF 


MEMORY 
REFERENCE 


OFFSET 


None IP 
None SP 
CS,ES,SS_ | Effective 
Address 


Instruction Fetch 
Stack Operation 
Variable (except 
following) 
String Source 
String Destination 
BP Used As Base 
Register 


CS, ES, SS 
None 
CS,DS,ES | Effective 


Address 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of 
programs. The segment register to be selected is automati- 
cally chosen according to the specific rules of Table A. All 
information in one segment type share the same logical attrib- 
utes (e.g. code or data). By structuring memory into 
relocatable areas of similar characteristics and by automati- 
cally selecting segment registers, programs are shorter, 
faster and more structured. (See Table A). 


Word (16 bit) operands can be located on even or odd 
address boundaries and are thus not constrained to even 
boundaries as is the case in many 16-bit computers. For 
address and data operands, the least significant byte of the 
word is stored in the lower valued address location and the 
most significant byte in the next higher address location. The 
BIU automatically performs the proper number of memory 
accesses, one if the word operand is on an even byte bound- 
ary and two if it is on an odd byte boundary. Except for the 
performance penalty, this double access is transparent to the 
software. The performance penalty does not occur for 
instruction fetches; only word operands. 


Physically, the memory is organized as a high bank (D15-D8) 
and a low bank (D7-D0O) of 512K bytes addressed in parallel 
by the processor’s address lines. 


Byte data with even addresses is transferred on the D7-DO 
bus lines while odd addressed byte data (AO HIGH) is trans- 
ferred on the D15-D8 bus lines. The processor provides two 
enable signals, BHE and AO, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched from mem- 
ory as words and is addressed internally by the processor at 
the byte level as necessary. 


In referencing word data, the BIU requires one or two memory 
cycles depending on whether the starting byte of the word is 
on an even or odd address, respectively. Consequently, in 
referencing word operands performance can be optimized by 
locating data on even address boundaries. This is an espec- 
ially useful technique for using the stack, since odd address 
references to the stack may adversely affect the context 
switching time for interrupt processing or task multiplexing. 


Certain locations in memory are reserved for specific CPU 
operations (See Figure 2). Locations from address FFFFOH 
through FFFFFH are reserved for operations including a jump 
to the initial program loading routine. Following RESET, the 
CPU will always begin execution at location FFFFOH where 
the jump must be located. Locations OOQOOOH through 
OO3FFH are reserved for interrupt operations. Each of the 
256 possible interrupt service routines is accessed thru its 
own pair of 16-bit pointers - segment address pointer and 
offset address pointer. The first pointer, used as the offset 
address, is loaded into the IP and the second pointer, which 
designates the base address is loaded into the CS. At this 
point program control is transferred to the interrupt routine. 
The pointer elements are assumed to have been stored at the 
respective places in reserved memory prior to occurrence of 
interrupts. 
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FFFEFFH 
FFFFOH 


RESET BOOTSTRAP 
PROGRAM JUMP 


~ 


3FFH 
3FCH 


TYPE 255 POINTER 
(AVAILABLE) 


AVAILABLE 
INTERRUPT 
POINTERS 
(224) 


' 


TYPE 33 POINTER 
(AVAILABLE) 
TYPE 32 POINTER 
(AVAILABLE} 
TYPE 31 POINTER 
(RESERVED) 


084H 


080H 
O7FH 


RESERVED 
INTERRUPT 
POINTERS 
(27) 


TYPE 5 POINTER 
(RESERVED) 
TYPE 4 POINTER 


OVERFLOW 


TYPE 3 POINTER 
1-B8YTE INT INSTRUCTION 


TYPE 2 POINTER 
NON-MASKABLE : 


TYPE 1 POINTER 
SINGLE-STEP 
TYPE 0 POINTER 
OIVIDE ERROR 
+-—— 16 BITS —— 


FIGURE 2. RESERVED MEMORY LOCATIONS 
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Minimum and Maximum Operation Modes 


The requirements for supporting minimum and maximum 
80C86 systems are sufficiently different that they cannot be 
met efficiently using 40 uniquely defined pins. Consequent- 
ly, the 80C86 is equipped with a strap pin (MN/MX) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of 
the strap pin. When the MN/MxX pin is strapped to GND, the 
80C86 defines pins 24 through 31 and 34 in maximum 
mode. When the MN/MxX pin is strapped to VCC, the 80C86 
generates bus control signals itself on pins 24 through 31 
and 34. 


The minimum mode 80C86 can be used with either a multi- 
plexed or demultiplexed bus. This architecture provides the 
80C86 processing power in a highly integrated form. 


The demultiplexed mode requires two 82C82 latches (for 
64K addressability) or three 82C82 latches (for a full 
megabyte of addressing). An 82C86 or 82C87 transceiver 
can also be used if data bus buffering is required. (See 
Figure 6a.) The 80C86 provides DEN and DT/R to control 
the transceiver, and ALE to latch the addresses. This config- 
uration of the minimum mode provides the standard 
demultiplexed bus structure with heavy bus buffering and 
relaxed bus timing requirements. 


The maximum mode employs the 82C88 bus controller 
(See Figure 6b). The 82C88 decodes status lines SO, $1 
and S2, and provides the system with all bus control 
signals. 


Moving the bus control to the 82C88 provides better source 
and sink current capability to the control lines, and frees the 
80C86 pins for extended large system features. Hardware 
lock, queue status, and two request/grant interfaces 
are provided by the 80C86 in maximum mode. These fea- 
tures allow coprocessors in local bus and remote bus con- 
figurations. 


Bus Operation 


The 80C86 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This technique 
provides the most efficient use of pins on the processor 
while permitting the use of a standard 40 lead package. 
This “local bus” can be buffered directly and used through- 
out the system with address latching provided on memory 
and !/O modules. In addition, the bus can also be 
demultiplexed at the processor with a single set of 82C82 
address latches if a standard non-multiplexed bus is 
desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3 and T4 (see 
Figure 3). The address is emitted from the processor during 
T1 and data transfer occurs on the bus during T3 and T4. T2 
is used primarily for changing the direction of the bus 
during read operations. In the event that a “NOT READY” 
indication is given by the addressed device, ‘‘Wait” states 
(TW) are inserted between T3 and T4. Each inserted wait 
state is the same duration as a CLK cycle. Periods can 
occur between 80C86 driven bus cycles. These are 
referred to as idle” states (Tl) or inactive CLK cycles. The 
processor uses these cycles for internal housekeeping and 
processing. 


During T1 of any bus cycle, the ALE (Address Latch Enable) 
signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MxX strap). At the trailing 
edge of this pulse, a valid address and certain status 
information for the cycle may be latched. 


Status bits SO, S1 and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table B. 


TABLE B. 


Interrupt 

Read 1/O 

Write I/O 

Hait 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


— —~ =§ = © 00 O 
—~ -—§ © OA =|} 0 OO 
- O- 02+ 0+ 0 
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(4+ Nwait) =Toy = (4+ Nwait) = Tcy 
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WR 


FIGURE 3. BASIC SYSTEM TIMING 
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Status bits S3 through S7 are time multiplexed with high 
order address bits and the BHE signal, and are therefore 
valid during T2 through T4. S3 and S4 indicate which segment 
register (see Instruction Set Description) was used for this bus 
cycle in forming the address, according to Table C. 


TABLE C. 


Alternate Data (extra segment) 


Stack 
Code or None 
Data 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
always zero and S7 is a spare status bit. 


1/O Addressing 


In the 80C86, !/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The !/O 
address appears in the same format as the memory address 
on bus lines A15-A0. The address lines A19-A16 are zero 
in 1/O operations. The variable I/O instructions which use 
register DX as a pointer have full address capability while 
the direct I/O instructions directly address one or two of the 
256 1/0 byte locations in page O of the I/O address space. 


/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the D7- 
DO bus lines and odd addressed bytes on D15-D8. Care 
must be taken to ensure that each register within an 8 bit 
peripheral located on the lower portion of the bus be 
addressed as even. 


EXTERNAL 
PIN 

OUTPUT 
DRIVER 


INPUT 


BUFFER 


FIGURE 4A. BUS HOLD CIRCUITRY PIN 2-16, 34-39 


PROTECTION 
CIRCUITRY 


External Interface 
Processor RESET and Initialization 


Processor initialization or start up is accomplished with acti- 
vation (HIGH) of the RESET pin. The 80C86 RESET is 
required to be HIGH for greater than 4 CLK cycles. The 
80C86 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal reset 
sequence for approximately 7 clock cycles. After this inter- 
val, the 80C86 operates normally beginning with the 
instruction in absolute location FFFFOH. (See Figure 2). The 
RESET input is internally synchronized to the processor 
clock. At initialization, the HIGH-to-LOW transition of 
RESET must occur no sooner than 50us (or 4 CLK cycles, 
whichever is greater) after power-up, to allow complete 
initialization of the 80C86. 


NMI will not be recognized prior to the second CLK cycle 
following the end of RESET. If NMI is asserted sooner than 
nine clock cycles after the end of RESET, the processor 
may execute one instruction before responding to the inter- 
rupt. 


Bus Hold Circuitry 


To avoid high current conditions caused by floating inputs 
to CMOS devices and to eliminate need for pull-up/down 
resistors, ‘“bus-hold” circuitry has been used on the 80C86 
pins 2-16, 26-32 and 34-39. (See Figure 4a and 4b). These 
circuits will maintain the last valid logic state if no driving 
source is present (i.e. an unconnected pin or a driving 
source which goes to a high impedance state). To overdrive 
the “bus hold” circuits, an external driver mustbe capable 
of supplying approximately 400uA minimum sink or source 
current at valid input voltage levels. Since this “bus hold” 
circuitry is active and not a “resistive” type element, the 
associated power supply current is negligible and power 
dissipation is significantly reduced when compared to the 
use of passive pull-up resistors. 


EXTERNAL 
PIN 


PROTECTION 
CIRCUITRY 


FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32 
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interrupt Operations 


Interrupt operations fall into two classes: software or hard- 
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the Instruc- 
tion Set Description. Hardware interrupts can be classified 
as non-maskable or maskable. 


Interrupts result in a transfer of control to a new program lo- 
cation. A 256-element table containing address pointers to 
the interrupt service program locations resides in absolute 
locations O through 3FFH, which are reserved for this 
purpose. Each element in the table is 4 bytes in size and 
corresponds to an interrupt “type”. An interrupting device 
supplies an 8 bit type number during the interrupt acknow- 
ledge sequence, which is used to “vector” through the 
appropriate element to the new interrupt service program 
location. All flags and both the Code Segment_and 
Instruction Pointer register are saved as part of the INTA 
sequence. These are restored upon execution of an Inter- 
rupt Return (IRET) instruction. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable inter- 
rupt request pin (INTR). A typical use would be to activate a 
power failure routine. The NMI is edge-triggered on a 
LOW-to-HIGH transition. The activation of this pin causes a 
type 2 interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any positive transition of NMI is 
latched on-chip and will be serviced at the end of the 
current instruction or between whole moves of a block-type 
instruction. Worst case response to NMI would be for multi- 
ply, divide, and variable shift instructions. There is no 
specification on the occurrence of the low-going edge; it 
may occur before, during or after the servicing of NMI. 
Another positive edge triggers another response if it occurs 
after the start of the NMI procedure. The signal must be free 
of logical spikes in general and be free of bounces on the 
low-going edge to avoid triggering extraneous responses. 


| ™ | T2 | T3 | 


FLOAT 
ADg-AD15 


Maskable Interrupt (INTR) 


The 80C86 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable flag (IF) status bit. The 
interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a block 
type instruction. INTR may be removed anytime after the 
falling edge of the first INTA signal. During the interrupt re- 
sponse sequence further interrupts are disabled. The 
enable bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the inter- 
rupt. Until the old FLAGS register is restored the enable bit 
will be zero unless specifically set by an instruction. 


During the response sequence (Figure 5) the processor 
executes two successive (back-to-back) interrupt acknow- 
ledge cycles. The 80C86 emits the LOCK signal (Max mode 
only) from T2 of the first bus cycle until T2 of the second. A 
local bus “hold” request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a byte is 
supplied to the 80C86 by the 82C59A Interupt 
Controller, which identifies the source (type) of the interrupt. 
This byte is multiplied by four and used as a pointer into the 
interrupt vector look-up table. An INTR signal left HIGH will 
be continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RETURN 
instruction includes a FLAGS pop which returns the status 
of the original interrupt enable bit when it restores the 
FLAGS. 


Halt 


When a software “HALT” instruction is executed the 
processor indicates that it is entering the “HALT” state in 
one of two ways depending upon which mode is strapped. 
In minimum mode, the processor issues one ALE with no 
qualifying bus control signals. In maximum mode the 


processor issues appropriate HALT status on S2, S1, SO 


Tm IT TT #8] T2 | %T3 | Tq | 


TYPE VECTOR 


FIGURE 5. INTERRUPT ACKNOWLEDGE SEQUENCE 
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and the 82C88 bus controller issues one ALE. The 80C86 
will not leave the “HALT” state when a local bus “hold” is 
entered while in “HALT”. In this case, the processor 
reissues the HALT indicator at the end of the local bus hold. 
An NMI or interrupt request (when interrupts enabled) or 
RESET will force the 80C86 out of the “HALT” state. 


Read/Modify/Write (Semaphore) 
Operations Via Lock 


The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the 
execution of an instruction. This gives the processor the 
capability of performing read/modify/write operations on 
memory (via the Exchange Register With Memory instruc- 
tion, for example) without another system bus master 
receiving intervening memory cycles. This is useful in 
multiprocessor system configurations to accomplish ‘test 
and set lock” operations. the LOCK signal is activated 
(forced LOW) in the clock cycle following decoding of the 
software ‘‘LOCK” prefix instruction. It is deactivated at the 
end of the last bus cycle of the instruction following the 
“LOCK” prefix instruction. While LOCK is active a request 
on a RQ/GT pin will be recorded and then honored at the 
end of the LOCK. 


External Synchronization Via TEST 


As an alternative to interrupts, the 80C86 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active 
(LOW). The execution of WAIT does not consume bus 
cycles once the queue is full. 


If a local bus request occurs during WAIT execution, the 
80C86 three-states all output drivers while inputs and I/O 
pins are held at valid logic levels by internal bus-hold 
circuits. If interrupts are enabled, the 80C86 will recognize 
interrupts and process them when it regains control of the 
bus. The WAIT instruction is then refetched, and 
reexecuted. 


TABLE D. 80C86 REGISTER MODEL 


AX 
BX 
CX 
DX 


ACCUMULATOR 
BASE 

COUNT 

DATA 


STACK POINTER 
BASE POINTER 
SOURCE INDEX 
DESTINATION INDEX 


FLAGS FLAGS, STATUS FLAGS 


CODE SEGMENT 


Basic System Timing 


Typical system configurations for the processor operating 
in minimum mode and in maximum mode are shown in 
Figures 6A and 6B, respectively. In minimum mode, the 
MN/M<X pin is strapped to VCC and the processor emits bus 
control signals (e.g. RD, WR, etc.) directly. In maximum 
mode, the MN/Mx pin is strapped to GND and the proces- 
sor emits coded status information which the 82C88 bus 
controller uses to generate MULTIBUS™ compatible 
bus control signals. Figure 3 shows the signal timing 
relationships. 


System Timing - Minimum System 


The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low-going) 
edge of this signal is used to latch the address information, 
which is valid on the address/data bus (ADO-AD15) at this 
time, into the 82C82/82C83 latch. The BHE and AO signals 
address the low, high or both bytes. From T1 to T4 the M/IO 
signal indicates a memory or I/O operation. At T2, the 
address is removed from the address/data bus and the bus 
is held at the last valid logic state by internal bus hold 
devices. The read control signal is also asserted at T2. The 
read (RD) signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later, valid data 
will be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns the 
read signal to a HIGH level, the addressed device will again 
three-state its bus drivers. If a transceiver (82C86/82C87) 
is required to buffer the 80C86 local bus, signals DT/R and 
DEN are provided by the 80C86. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The M/IO signal is again asserted 
to indicate a memory or I/O write operation. In T2, 
immediately following the address emission, the processor 
emits the data to be written into the addressed location. This 
data remains valid until at least the middle of T4. During T2, 
T3 and TW, the processor asserts the write control signal. 
The write (WR) signal becomes active at the beginning of T2 
as opposed to the read which is delayed somewhat into T2 
to provide time for output drivers to become inactive. 


The BHE and AO signals are used to select the proper 
byte(s) of the memory/IO word to be read or written accord- 
ing to Table E. 


TABLE E. 


Whole word 

Upper byte from/to odd address 
Lower byte from/to even address 
None 


I/O ports are addressed in the same manner as memory lo- 
cation. Even addressed bytes are transferred on the D7-DO 
bus lines and odd address bytes on D15-D8. 
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FIGURE 6A. MINIMUM MODE 80C86 TYPICAL CONFIGURATION 
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FIGURE 6B. MAXIMUM MODE 80C86 TYPICAL CONFIGURATION 
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The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 
signal (INTA) is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by inter- 
nal bus hold devices. (See Figure 4). In the second of two 
successive INTA cycles a byte of information is read from 
the data bus (D7-DO) as supplied by the interrupt system 
logic (i.e. 82C59A Priority Interrupt Controller). This byte 
identifies the source (type) of the interrupt. It is multiplied by 
four and used as a pointer into an interrupt vector lookup 
table, as described earlier. 


Bus Timing - Medium Size Systems 


For medium complexity systems the MN/MX pin is con- 
nected to GND and the 82C88 Bus Controller is added to 
the system as well as an 82C82/82C83 latch for latching 
the system address, and an 82C86/82C87 transceiver to 
allow for bus loading greater than the 80C86 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by the 
82C88 instead of the processor in this configuration, 
although their timing remains relatively the same. The 80C86 


status outputs (S2, S1 and SO) provide type-of-cycle 
information and become 82C88 inputs. This bus cycle infor- 
mation specifies read (code, data or I/O), write (data or I/O), 
interrupt acknowledge, or software halt. The 82C88 issues 
control signals specifying memory read or write, 1/O read or 
write, or interrupt acknowledge. The 82C88 provides two 
types of write strobes, normal and advanced, to be applied 
as required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not valid at 
the leading edge of write. The 82C86/82C87 transceiver 
receives the usual T and OE inputs from the 82C88 DT/R 
and DEN signals. 


The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can be derived from an 
82C59A located on either the local bus or the system bus. If 
the master 82C59A Priority Interrupt Controller is posi- 
tioned on the local bus, the 82C86/82C87 transceiver must 
be disabled when reading from the master 82C59A during 
the interrupt acknowledge sequence and software “poll”. 
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Absolute Maximum Ratings Reliability Information 

SUB bly VOIAOE 160.4. ddewere bien dee taeda hed +8.0V. Thermal Resistance 8ja Bic 

Input, Output or I/O Voltage Applied .... GND-0O.5V to VCC+0.5V Ceramic DIP Package...........e.0000. 27.59C/W +5.99C/W 

Storage Temperature Range ..............055 ~659C to +150°9C Ceramic LCC Package .............25- 62.29C/W  8.6°C/W 

Junction Temperature ......... cece cece een en enes +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10 sec) ..........2200 eens +300°C Ceramic DIP Package ....... ccc cece eee e enter eenaes 620mW 

ESD GIGSSINICAION. fo iiscadd cae cna acheu taxa eeed gates Class 1 Ceramic LCC Package ......... cece cee tee e eee eees 664mW 
Gate COUNE spice essu pate eek ode we eae pasate ees 9750 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage .......... 020 cce ee enes +4.5V to+5.5V Operating Temperature Range: C80C86/-2....... 0°C to +70°C 
M80C86-2 ONLY ...... cece cee ence ees +4.75V to +5.25V (SOCS6/s2 i aie en te hed oh eter Cee wee olen -40°C to +85°C 
MSEO0CE6/—2 weak sai Sule iw ola Bee ees -55°9C to +1259C 


D.C. Electrical Specifications Voc = 5.0V + 10%; Ta = 0°C to +70°C (C80C86, C80C86-2) 
Voc = 5.0V + 10%; Ta = -40°C to +85°C (I80C86, I80C86-2) 
Voc = 5.0V + 10%; Ta = -559C to +1259C (M80C86) 
Voc = 5.0V + 5%; TA = -559C to +1250C (M80C86-2) 


SYMBOL PARAMETER | min | max | UNITS TEST CONDITIONS 
RRR aa ANE aa IRENA I CER RTD ESI AUDIENCE NCI NTE A ro SL TI A PTT TT, 


(Note 5) 


IOH = -2.5mA 
1OH =-100UA 


Output Low Voltage : | IOL = +2.5mA 


Input Leakage Current : VIN = GND or VCC DIP 
Pins 17-19, 21-23, 33 
Input Current-Bus Hold High VIN =3.0V (Note 1) 

Input Current-Bus Hold Low VIN =0.8V (Note 2) 


Output Leakage Current 10. VOUT = GND 
(Note 4) 


Standby Power Supply Current 500 Voc = 5.5V_ (Note 3) 
10 


| mA/MHz | FREQ = Max, VIN = VCC or 
GND, Outputs Open 
Capacitance Ta = 25°C 


ICCOP Operating Power Supply Current 
SYMBOL PARAMETER | TYPICAL UNITS TEST CONDITIONS 


Input Capacitance Put: FREQ = 1MHz All 


pF 
measurements are referenced 
to device GND 
COUT Output Capacitance 3 
Cl/O I/O Capacitance | 


NOTES 1. IBHH should be measured after raising VIN to Vcc and then lowering to 3.0V on the following pins. 2-16, 26-32, 34-39 
2. IBHL should be measured after lowering VIN to GND and then raising to 0.8V on the following pins: 2-16, 34-39 
3. ICCSB tested during clock high time after halt instruction executed. VIN = Voc or GND, Vcc = 5.5V, Outputs unloaded 
4 


10 should be measured by putting the pin in a high impedance state and then driving Vout to GND on the following 
pins: 26-29 and 32. 


MN/MxX is a strap option and should be held to Voc or GND 


a 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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A.C. Electrical Specifications Vcc = 5.0V + 10%; Ta = 0°C to +709C (C80C86, C80C86-2) 
VCC = 5.0V + 10%; Ta = -40°C to +85°C (I80C86, I80C86-2) 
Vcc = 5.0V + 10%; Ta = -55°C to +125°C (M80C86) 
Voc = 5.0V + 5%; Ta = -559C to +1250C (M80C86-2) 


80C86-2 80C86 
UNITS 


MINIMUM COMPLEXITY SYSTEM 


SYMBOL PARAMETER TEST CONDITIONS 
TIMING REQUIREMENTS 
O) i CLK CyclePeriod [| 125 [| | 200 | | ns __| 
(2)[ TCLCH | CLK Low Time = ss 1; 
(3)| TCHCL | CLK High Time ee eee (Me: ian) [ 
(4)| TCH1CH2 | CLK Rise Time ae ee ee ee (ae ae From 1.0V to 3 5V 
(5) TCL2CL1 | CLK Fall Time ees! er es ae From 3.5V to 1.0V 
(6)} TDVCL | Datain Setup Time | 20 | 
(7 TCLDX1_ | Data In Hold Time n 


(8 


— 


ee 
ite 
TRIVCL RDY Setup Time into 35 35 
TCLR1X | RDY Hold Time into Le 
) 
into 80C86 
into 80C86 


(9 


— 


(12)) TRYLCL READY Inactive to 
CLK (Note 3 
(13)) THVCH HOLD Setup Time 0 


20 il 
(14)} TINVCH INTR, NMI, TEST 15 30 
(Except CLK 
(Except CLK) 


TIMING RESPONSES 


=) 
n 


~~ 


ine) 


n 


From 0.8V to 2.0V 


on 


From 2.0V to 0.8V 


3] 


(eo) 
oO 
—_ — = 
(o) 
a 


PROCESSORS 


CMOS MICRO- 


(17)} TCLAV | Address Valid Dela 110 : CL = 100pF 
(18)| TCLAX 
(19) TCLAZ | 


o | 6 | 
TCLAX | Address Hold Time [ 10 | | 
TCLAZ | Address Float Delay [ TCLAX [50 __ 
(20)| TCHSZ | Status Float Delay [  —ss[| 50 

ee 


eS 

(21)/ TCHSV_ | Status Active Delay 110 
(22)} TLHLL | ALE Width TCLCH-10{ sd]. TCLCH-20 
(23){ TCLLH | ALE Active Delay | | 50 | 
(24)| TCHLL | ALE Inactive Delay | | 55 | 8S 

to ALE Inactive 
(26)|_ TCLDV_| DataValid Delay | 10 | 60 | 10 | 110 
(27)|_ TCLDX2 | DataHoldTime | 10 | [10 

After WR 
(29)|_TCVCTV | Control Active Delayi{ 10 =| ~~ 70_ «| 10 
(30)| TCHCTV | Control Active Delay2| 10 | 60s 10 110 ns 
(31)} TCVCTX 


(32) TAZRL Address Float to 
READ Active 


| 10 
et IOS 
(33)|_TCLR Active Delay | 10S | 00S | 10S | 165 


) 
(34) TCLR 
(35) =TRHA 


< 
> D i 
Q. 
oa 
3 
o > 
a8 
P< 
Oo © 
SH 
oO 
Zz 
@o 
cot 
+ 
QO 
[— 
O 
7 
BSS 
fo) 
— 
QO 
_ 
QO 
fi 
BS 
oi 


0 
0 
10 
10 
Control Inactive 70 10 
Dela 
10 
10 
10 


(36) TCLHAV | HLDA Valid Delay [| 10 =| _—*100 160 ns 
(377 TRLRH | RDWidth  J2TCLCL-50) | 2TCLCL-75] 
(38) TWLWH | WRWidth ss {2TCLCL-40}— | PTCLCL-60] sd 
oy eee Address Valid to TCLCH-40 a TCLCH-60 ol 
ALE Low | 
(40| TOLOH | OutputRiseTime | | 18 [| -+| 20 | 
nf TOHOL | Output Faltime [20s From 20vt0 08V 


NOTES 1. Signal at 82C84A shown for reference only 
2 Setup requirement for asynchronous signal only to guarantee recognition at next CLK 
3 Applies only to To state (8ns into T3) 
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Waveforms 
BUS TIMING - MINIMUM MODE SYSTEM 


1 T2 T3 T4 
(1) (5) Tw 
TCLCL TCL2CL1 / 
ge 


CLK (82C84A OUTPUT) 


we Se 


(261 TCLDV 
uh TC — | 


BHE/S7, A19/Sg-A16/S3 


(23) TCLLH 
| 7 
TCHLL 
RDY (82C84A INPUT) 
SEE NOTE 1 
(1) 
(10) 


TRYHCH 
{19} | 


nai TCLAZ TOVCL hana 
AD 75-ADg a AD15-ADg DATA IN i 


(32) TAZRL H TRHAV {35} 
AD - | 
(30) 

_ READ CYCLE TRLRH ia TCHCTV 
(WR, INTA = Von) 7 (37) 

DT/R 

(29) TCVCTV—> 
DEN a os 


NOTE: 1. Signals at 82C84A are shown for reference only. RDY is sampled near the end of T2, T3, TW to determine if 
TW machine states are to be inserted. 
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Waveforms 
BUS TIMING - MINIMUM MODE SYSTEM (Continued) 


4 T2 T3 Tw T4 
| (4) (5) 
TCH1ICH2 TCL2CL1 


CLK (82C84A OUTPUT) 


(27) 
TCLDX2 eae 
srs (Terme 
a TWHID X (28) 
(31}TCVCTX 
WRITE CYCLE ee | 
nan DEN 
(RD, INTA, 
TWLWH 
sa ae aw, 
TCVCTX (31) 
TDVCL > |(6) 
<—TCLDOX1{7} 
EES Ee RE —_ IY be Geen OR ee 
roves | C 
TCHCTV (30) 


iNTA CYCLE DT/R 


NOTE 1 Fa 
ign) | | arsenal 2 
INTA 
: me i 
SOFTWARE ie 


SEN AG AD45-ADg Ee INVALID ADDRESS SOFTWARE HALT 


WR, INTA = Von TCLAV | 
DT/R = INDETERMINATE 


NOTE: 1. Two INTA cycles run back-to-back. The 80C86 local ADDR/DATA bus is floating during both INTA 
cycles. Control Signals are shown for the second INTA cycle. 
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A.C. Electrical Specifications Voc = 5.0V + 10%; Ta = 0°C to +70°C (C80C86, C80C86-2) 
Voc = 5.0V + 10%; Ta = -40°C to +85°C (180C86, C80C86-2) 
Voc = 5.0V + 10%; Ta = -55°C to +1250C (M80C86) 
Voc = 5.0V + 5%; TA = -550C to +1250C (M80C86-2) 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 


TIMING REQUIREMENTS 
SYMBOL 


80C86-2 80C86 


PARAMETER UNITS | TEST CONDITIONS 


(1) TCLCL 
(2) TCLCH 
(3) TCHCL 
4)TCH1CH2 


CLK Cycle Period 
CLK Low Time 
CLK High Time 
CLK Rise Time 
CLK Fall Time 
Data in Setup Time 
Data In Hold Time 


RDY Setup Time into 82C84A 
(Notes 1, 2) 


(9) TCLR1X RDY Hold Time into 82C84A 
(Notes 1, 2) 


(10)TRYHCH READY Setup Time into 80C86 
(11)TCHRYX READY Hold Time into 80C86 
(12)TRYLCL READY Inactive to CLK (Note 3) 


(13) TINVCH Setup Time for Recognition 
(INTR,NMI, TEST) (Note 2) 


RQ/GT Setup Time 
RQ Hold Time into 80C86 (Note 4) 


— 
NO 
(93) 
NO 
© 
© 


wo ie) 
a | 
QO 
wt f ok fo 
26 
Cy 
S 
” 


118 


BSS 
BS 


_ 
© 


From 1.0V to 3.5V 
From 3.5V to 1.0V 


sk 


—af a fo 
any ayo (om ce) 


~a 
(>) 
=) 


(6 TDVCL 
7) TCLDX1 
(8) TRIVCL 


— 

oO 
io) 
oO 


= 
co) 
=) 
n 


5 


1 o) 
oi 


16) 


118 


ie) 

on io) 
3S 
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14) TGVCH 
(15) TCHGX 
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(16) TILIH Input Rise Time (Except CLK) 


(17) TIHIL Input Fall Time (Except CLK) 
TIMING RESPONSES 


From 0.8V to 2.0V 
From 2.0V to 0.8V 
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for all 80C86 
Outputs (In addition 
to 80C86 self-load) 


(29) TCLLH CLK low to ALE Valid (Note 1) 
(30)T CLMCH 
31) TCHLL 
(32)TCLMCL 


No 
jo) 
N 
(2) 


ns 
CLK low to MCE High (Note 1) 
ALE Inactive Delay (Note 1) 
MCE Inactive Delay (Note 1) 
(33) TCLDV Data Valid Delay 

(34) TCLDX2 Data Hold Time 

(35) TCVNV Control Active Delay (Note 1) 
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READY Active to Status Passive 65 Paes 
(Notes 3, 5) 
(22) TCLSH Status Inactive Delay (Note 5) 10 70 
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Status Valid to ALE High (Note 1) ns 
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Specifications 80C86 


TIMING REQUIREMENTS 
SYMBOL 
TIMING RESPONSES 


(36)T CVNX Control Inactive Delay (Note 1) 
Address Float to Read Active 
38) TCLRL RD Active Delay 


(39)TCLRH RD Inactive Delay 


(40) TRHAV RD Inactive to Next Address Active | TCLCL 
TCHDTL Direction Control Active Delay 
(41) (Note 1) 
TCHDTH Direction Control Inactive Delay 
(42) (Note 1) 


(43)TCLGL GT Active Delay 
44)TCLGH GT Inactive Delay 


45)TRLRH RD Width 2TCLCL 


46)TOLOH Output Rise Time 


47)TOHOL Output Fall Time 


80C86-2 80C86 


UNITS 


PARAMETER 


TEST CONDITIONS 


= 
oO 


je 
r zs 
ompOo}lo an Oo oO;O 
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From 0.8V to 2.0V 
From 2.0V to 0 8V 


1 


on 


’ { 
oi h 


; 


NOTES 1 Signal at 82C84A or 82C88 shown for reference only 
2 Setup requirement for asynchronous signal only to guarantee recognition at next CLK re) o 
3 Applies only to T2 state (8 nanoseconds into T3) oc Oo 
4 The 80C86 actively pulls the RQ/GT pin to a logic one on the following clock low time oO w”) 
5 Status lines return to their inactive (logic one) state after CLK goes low and READY goes high = ft 
NO 
Oo 
=o 
Oa. 
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80C86 


Waveforms 
BUS TIMING - MINIMUM MODE SYSTEM (Using 82C88) 


"4 4 T2 T3 T4 
(1) sae T (5) 
CL2 T 
TOgCL meer e ly 


oe =a ahr Se 
se 


al 


rexel | ae 
(23) TCLAV pe e 


a 


TSVLH 
Tt —_ 
/ 


(27) teLLH 


(29) 
ALE (82C88 OUTPUT) 


RDY (82084 INPUT) AR 


TCLAV (23) 


DATA IN 


(41) TCHOTL 
(45) 
8 TRLRH 
DT/R 
TCLML > (18) |}-— TCLMH 
82C88 
OUTPUTS MRDC OR IORC 


SEE NOTES (35) 
1,2 
TCVNV 
DEN 


Siw 
me 3 


TCVNX (36) 


NOTE: 1. Signals at 82C84A or 82C88 are shown for reference only. RDY is sampled near the end of T2, T3, TW to 
determine if TW machine states are to be inserted. 


INTA, and DEN) lags the active high 82C88 CEN. * 


3. Status inactive in state just prior to T4. 
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80C86 


Waveforms (Continued) 
BUS TIMING - MAXIMUM MODE (USING 82C88) (Continued) 


14 T2 T3 T4 


‘ = 
(22) 


(23) 
WRITE CYCLE TCLAV fo TCLSH TCLDX2 
U 
ee Ee ee ee 


AL Wi petenkona ee 


DEN 
(19) 
A das (18) TCLML ToL ail 
82C88 
OUTPUTS P 
(SEE NOTES AMWC OR AIOWC 


1, 2) 
(18) TCLML 


Tw 


AD15-ADg 


MWTC OR IlOWC 


INTA CYCLE 


AD 15-ADg T mi ae 


(SEE NOTES 4, 5) = fess 


as a SRE 


(25) TcLaz TCLDx1{7]} 
wom TT <<» 
(28) 
TSVMCH 
MCE/ 
PDEN 
(30)TCLMCcH (42) —TCHDTH 


™ i TY 


82C88 OUTPUTS canes a (18) TceML 
a ; |e 


SOFTWARE (36) 


NOTES 1 Signals at 82C84A or 82C88 are shown for reference only. 


ee 


2 The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, 
AIOWC, INTA and DEN) lags the active high 82C88 CEN. 


3 Status inactive tn state just prior to T4 
4. Cascade address ts valid between first and second INTA cycles 


5 Two INTA cycles run back-to-back. The 80C86 local ADDR/DATA bus ts fioating during both INTA 
cycles Control for pointer address 1s shown for second INTA cycle 
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CMOS MICRO- 
PROCESSORS 


80C86 


Waveforms (Continued) 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


ees PULSE 2 
RQ/GT PULSE 1 80C86 GT PULSE 3 
| COPROCESSOR 25) COPROCESSOR 
PREVIOUS GRANT RQ TCLAZ RELEASE 


A015 - ADy 80C86 COPROCESSOR 


AD, COCK = TOUSZ Oh og 
BHE/S7, Ayg/S9-A46/S3 


$2, $1, 80 i 


TCHSV(21} 


NOTE: The coprocessor may not drive the busses outside the region shown without risking contention 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


2 1CLK one 
Cycles 


Sep THVCH 
HOLD . 
TCLHAV (36) TCLHAV (36} 
eet 
HLDA (19) 


ew TCLAZ 


AD45 - ADg 80C86 ae: COPROCESSOR 
(21) 
mete TCHSZ TCHSV 
BHE/S7, A19/S6-A16/S3 -) fe eel eee a ees 
BRD, WAR, M/1Q, D788, EN mma | ee ee ee ee ee 


ASYNCHRONOUS SIGNAL RECOGNITION 


CLK 


Any CLK Cycle + 


(13) 
TINVCH (see note) 


NMI 


INTR SIGNAL 


TEST 


NOTE: Setup requirements for asynchronous signals only to guarantee 
recognition at next CLK 
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BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 


S8OC86 


Waveforms (Continued) 


RESET TIMIN 
: < ae > 50sec 


Vcc 


CLK 


(7) TCLDX1 


(6) TOVCL 
RESET 
2 4CLK CYCLES 
A.C. Test Circuit A.C. Testing Input, Output Waveform 
OUTPUT FROM TEST INPUT OUTPUT 
DEVICE UNDER TEST | POINT Wikis Bose wiiG VOH 
mie 1.5V 1.5V 
VIL - 50% VIL VOL 
*Includes stay and jig capacitance A.C. Testing: All input signals (other than CLK) must switch between 


VilLmax -50% VIL and ViHmin +20% VIH. CLK must switch 
between 0.4V and VCC -0.4. Input rise and fall times are 
driven at 1ns/V. 
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CMOS MICRO- 
PROCESSORS 


Burn-In Circuits 


GND 
GND 
VCL 
GND 
GND 
VCL 
GND 
GND 
GND 
VCL 
VCL 
VCL 
OPEN 
OPEN 
OPEN 
OPEN 
GND 
GND 
FO 
GND 


NOTES: 
VCC = §.5V + 0.5V, GND = OV 
Input Voltage Limits (Except Clock): 


1; 
2. 


a eo 


VIL. (Maximum) = 0.4V 


VIH (Minimum) = 2.6V, VIH (Clock) = (VCC ~- 0.4V) Min 
VCC/2 is external supply set to 2.7V + 10% 
VCL is generated on program card (VCC ~ 0.65V) 


RIO 
RIO 
RiO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 
RIO 


RC 


80C86 


MD80C86 CERAMIC DIP 


BIBIBIBIBIGIBIBIBIBIEIEID III Iie 


COMPONENTS: 

1. RI = 10kN + 5%, 1/4W 
2. RO = 1.2kQ + 5%, 1/4W 
3. RIO = 2.7kO + 5%, 1/4W 
4. RC = 1k + 5%, 1/4W 
5. C = 0.01yF (Minimum) 


Pins 13 - 16 input sequenced instructions from internal hold devices. 


FO = 100kHz + 10% 


Node @ = a 40s pulse every 2.56ms 
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80C8&6 


Burn-In Circuits (Continued) 
MR80C86 CERAMIC LCC 


msi 
ome 
Ea 
a 
ee 
ee 


pares ee ra en es ee ea esa ees 
1181 1198 1201 1211 1228 1238 1241 1251 12611278 1281 


CMOS MICRO- 
PROCESSORS 


GND 


NOTES: COMPONENTS: 
1. VCC = 5.5V + 0.5V, GND = OV 1. Rl = 10kN + 5%, 1/4W 
2. Input Voltage Limits (Except Clock): . RO = 1.2kQ + 5%, 1/4W 


VIL (Maximum) = 0 4V . RIO = 2.7kD + 5%, 1/4W 
VIH (Minimum) = 2.6V, VIH(Clock) = (VGC - 0.4V) Min RC = 1k + 5%, 1/4W 


. VCC/2 is external supply set to 2.7V + 10% _ © = 0.01 pF (Minimum) | 
. VCL is generated on program card (VCC - 0.65V) 

. FO = 100kHz + 10% 

. Node @) =a 40us pulse every 2.56ms | 


ah WOW NY 


Oo a kh & 
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80C86 


Metallization Topology 


DIE DIMENSIONS: 
249.2 x 290.9 x 19 + 1 mils 


METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11kA + 2kA 
GLASSIVATION: 
Type: Nitrox 
Thickness: 10kKA + 2kA 
DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 4609C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.5 x 105 A/cm2 


Metallization Mask Layout 
80C86 


AD11 AD12 AD13 AD14 GND vcc AD15 A16/S3 A17/$4 A18/S5 


Ee TaY Su geeet SL 


A19/S6 
AD10 


Avo @ 


AD8 BE 
AD7 
AD6 & RQ/GTO 


ADS | 


sat =}; [lem 4 : ——— = —* i a RQ/GT1 


AD4 


AD3 BLOCK 


AD2 


oes We ae SE abe Ri coW 
ammmemmnrre aes 9 : an 
Pear ee re aan |B: Ve Si 


AS CIES pare, 
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"hh! 
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: 
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no 
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an 
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pe 


ly 
| 


AD1 


tee 

Til : i | ‘ ae 
A Re i" eres 
hewn ni ‘antic ee _ 2 ; 


Feahlineemm se 5 i ~ 


ana aan ae eam reat eee erate 


' | Alene) G a = cae —_ - — 
je! * i 5 ‘ ihe ds ah S 
ADO a im hi fa nat 19) Fi 1H ce 4 a . : | S| Soar “ : a 0 


NMI INTR CLK GND RESET READY TEST QS1 Qso 
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80C86 


INSTRUCTION SET SUMMARY 


Mnemonic and 
Description instruction Code 


DATA TRANSFER 
MOV = Move: 76543210 76543210 76643210 76643210 


mod reg r/m 


immediate to Register/Memory 1100011w mod000r/m | sata «=i (tssd| Sata 
Immediate to Register 1011wreg data 
Memory to Accumulator 1010000w add-low 
Accumulator to Memory 1010001w addr-low 


Register/Memory to Segment Register® ° 10001110 mod 0 reg r/m 


Register/Memory to/from Register 100010dw 


Segment Register to Register/Memory 10001100 mod 0 reg r/m 


PUSH = Push: 
Register/Memory mod 110r/m 
Register 01010reg 


Segment Register 000reg 110 


POP = Pop: 


Register/Memory mod 000r/m 


Register 01011reg 


Segment Register 000reg111 


CMOS MICRO- 
PROCESSORS 


XCHG = Exchange: 


Register/Memory with Register 1000011Ww mod reg r/mi 


Register with Accumulator 10010reg 
IN = Input from: 
Fixed Port 

Variable Port 1110110w 


OUT = Output to: 
Fixed Port 
Variable Port 1110111w 
XLAT = Translate Byte to AL 
LEA = Load EA to Register 10001101 
LDS = Load Pointer to OS 11000101 
LES = Load Pointer to ES 11000100 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 10011110 | 
PUSHF = Push Flags 10011100 

POPF = Pop Flags 


| 
a 


mod reg r/m 


mod reg r/m 


mod reg r/m | 
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80C86 


INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
Description instruction Code 


ARITHMETIC 76543210 76543210 76543210 766543210 
ADD = Add: 


Reg./Memory with Register to Either 000000dw mod reg r/m 


Immediate to Register/Memory 100000sw __mod0001/m data if sw = 01 
Immediate to Accumulator 0000010w data data ifw = 1 


ADC = Add with Carry: 


Reg /Memory with Register to Either 000100dw mod reg r/m 


Immediate to Register/Memory 100000sw mod 0101r/m data data if s:w = 01 
Immediate to Accumulator 0001010w data data ifw = 1 


INC = Increment: 
Register/Memory 1111111W mod000r/m 
Register 01000reg 

AAA = ASCIil Adjust tor Add 00110111 

DAA = Decimal Adjust for Add 00100117 

SUB = Subtract: 


Reg./Memory and Register to Either rT 01010dw mod reg r/m 


Immediate from Register/Memory 100000sw mod 1011/m data if s:w = 01 


immediate from Accumulator 0010110w data data if w = 1 


SBB = Subtract with Borrow 
Reg./Memory and Register to Either 000110dw mod reg r/m 


data data if s:w = 01 


data ifw = 


Immediate from Register/Memory 100000sw mod0111/m 


immediate from Accumulator 0001110WwW data 


DEC = Decrement: - 
Register/Memory T111111wW mod0Q011/m 


Register 01001 reg 


NEG = Change Sign mod011 r/m 


CMP = Compare: 


Register/Memory and Register 001110dw mod reg r/m 


immediate with Register/Memory 100000sw mod 11 11/m 


data data if s:w = 01 


Immediate with Accumulator data data ifw = 1 


AAS = ASCIli Adjust for Subtract 00111111 
DAS = Decimal Adjust for Subtract 00101111 
MUL = Multiply (Unsigned) 17411011w mod 100r/m 


A 
: 


IMUL = Integer Multiply (Signed) 1117011wW mod 101+/m 
AAM = ASCIi Adjust for Multiply 11010100 00001010 


DIV = Divide (Unsigned) 1111011w mod 110r/m 


IDIV = Integer Divide (Signed) 11171011w mod 1111/m 
AAD = ASCli Adjust for Divide 11010101 00001010 
CBW = Convert Byte to Word 10011000 


i 


CWD = Convert Word to Double Word 10011001 
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80C86 


INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
Description Instruction Code 


LOGIC 76543210 76543210 76543210 76543210 
NOT = Invert | 41411011w | mod010r/m 


SHL/SAL = Shift Logical/Arithmetic Left 110100vw mod 100r/m 


SHR = Shift Logical Right 110100vw mod 1014r/m 


SAR = Shift Arithmetic Right 110100vw mod 1111r/m 

ROR = Rotate Right 

RCL = Rotate Through Carry Flag Left 

RCR = Rotate Through Carry Right 

AND = And: 

Reg./Memory and Register to Either 

Immediate to Register/Memory 1000000w mod 100r/m data 
immediate to Accumulator 0010010w data data ifw = 1 


TEST = And Function to Flags, No Result: 


Register/Memory and Register 1000010w mod reg r/m 3 Tp) 
c 

Immediate Data and Register/Memory 1111011w mod000r/m data data ifw = 1 Os 2 
Immediate Data and Accumulator 1010100w data data ifw = 1 = a 
YO 

OR = Or: g o 
Reg /Memory and Register to Either 000010dw mod reg r/m Oo 


Immediate to Register/Memory 1000000w mod0011r/m data data ifw = 1 


Immediate to Accumulator 0000110w data data ifw = 1 


Reg./Memory and Register to Either 001100dw mod reg r/m 


XOR = Exclusive or: 


Immediate to Register/Memory 1000000w mod110r/m data dataifw = 1 


Immediate to Accumulator 0011010WwW data data ifw = 1 


STRING MANIPULATION 
REP = Repeat 11110012 
MOVS = Move Byte/Word 1010010w 
CMPS = Compare Byte/Word 1010011w 
SCAS = Scan Byte/Word 1010111Ww 
LODS = Load Byte/Wd to AL/AX 


STOS = Stor Byte/Wd from AL/A 1010101w 

CONTROL TRANSFER 

CALL = Call: 

Indirect Within Segment 

Direct Intersegment 
Indirect Intersegment 
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80C86 


INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
Description 


JMP = Unconditional Jump: 
Direct Within Segment 

Direct Within Segment-Short 
Indirect Within Segment 


Direct Intersegment 


Indirect Intersegment 


RET = Return from CALL: 
Within Segment 


Within Seg Adding Immed to SP 
Intersegment 
Intersegment Adding immediate to SP 


JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLE/JNG = Jump on Less or Equal/ 
Not Greater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBE/JNA = Jump on Below or Equal/ 
Not Above 

JP/JPE = Jump on Parity/Parity Even 


JO = Jump on Overflow 
JS = Jump on Sign 
JNE/JNZ = Jump on Not Equal/Not Zero 


JNL/JGE = Jump on Not Less/Greater 
or Equal 

JNLE/JG = Jump on Not Less or Equal/ 
Greater 


JNB/JAE = Jump on Not Below/Above 
or Equal 

JNBE/JA = Jump on Not Below or 
Equal/Above 

JNP/JPO = Jump on Not Par/Par Odd 


JNO = Jump on Not Overfiow 

JNS = Jump on Not Sign 

LOOP = Loop Cx Times 

LOOPZ/LOOPE = Loop While Zero/Equal 


LOOPNZ/LOOPNE = Loop While Not 
Zero/Equal 
JCXZ = Jump on CX Zero 


INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 
IRET = Interrupt Return 


76543210 76543210 
11101001 


11101011 


mod 100r/m 
offset-low 
seg-low 


1177919191 mod 1011r/m 


11000011 


11000010 
11001011 


data-low 


: 
7 
} 


11001010 data-low 


01110100 


01110010 


01110110 


01110000 
01111000 


disp 


01110001 


i 


11100010 
11100001 


11100000 


typ 
11001100 


11001111 


instruction Code 


offset-high 


80C86 


INSTRUCTION SET SUMMARY (Continued) 


Mnemonic and 
Description 
PROCESSOR CONTROL 
CLC = Clear Carry 


76543210 


11111000 
CMC = Complement Carry 11110101 


11111001 


STC = Set Carry 


CLD = Clear Direction 11111100 


STD = Set Direction 11111101 
CLI = Clear Interrupt 11111010 
STI = Set Interrupt 11111011 
HLT = Halt 


WAIT = Wait 


11110100 
10011011 


ESC = Escape (to External Device) 11011xxx 


LOCK = Bus Lock Prefix 


NOTES: 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 


11110000 


ifd = 1 then “to” reg; if d = 0 then “from” reg 
if w = 1 then word instruction; if w = 0 then byte instruc- 
tion 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0°, disp-low and disp-high are 
absent 

if mod = 01 then DISP 
16 bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 


disp-low sign-extended to 


ifr/m = 001 then EA = (BX) + (DI) + DISP 
ifr/m = 010 then EA = (BP) + (SI) + DISP 
ifr/m = 011 then EA = (BP) + (Dl) + DISP 
ifr/m = 100 then EA = (SI) + DISP 

ifr/m = 101 then EA = (Dl) + DISP 

ifr/m = 110 then EA = (BP) + DISP* 
ifr/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if re- 
quired) 
*except if mod = 00 and r/m 
high: disp-low. 
**MOV CS, REG/MEMORY not allowed. 


— 


110 then EA = disp- 


Instruction Code 


76543210 


mod xxxr/m 


if s:;w = 01 then 16 bits of immediate data form the oper- 
and. 
if sw = 11 then an immediate data byte is sign extended 


to form the 16-bit operand. 
if v = 0 then “count” = 1; if v = 1 then “count” in (CL) 
x = don't care 
z is used for string primitives for comparison with ZF FLAG. 
SEGMENT OVERRIDE PREFIX 


001reg110 


REG is assigned according to the following table: 


16-Bit(w = 1) | 8-Bit(w = 0) 


CMOS MICRO- 
PROCESSORS 


Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 

FLAGS = 
X:X:X:X:(OF):(DF):(1F):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


Mnemonics © Intel, 1978 
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it HARRIS 


80C88& 


February 1992 CMOS 8/16 Bit Microprocessor 


Features 
* Compatible with NMOS 8088 


® Direct Software Compatibility with 80C86, 8086, 
8088 


e 8 Bit Data Bus Interface; 16 Bit Internal Architecture 
¢ Completely Static CMOS Design 


Description 


The Harris 80C88 high performance 8/16-bit CMOS CPU is man- 
ufactured using a self-aligned silicon gate CMOS process (Scaled 
SAJI IV). Two modes of operation, MINimum for small systems 
and MAXimum for larger applications such as multiprocessing, 
allow user configuration to achieve the highest performance level. 


Full TTL compatibility (with the exception of CLOCK) and 


idl | Gc aee RO ON ne OO bene anes 5MHz(80C88) _ industry-standard operation allow use of existing NMOS 8088 
POC. NM vcseataeawchdaeecs 8MHz(80Cc88-2) hardware and Harris CMOS peripherals. 
° Low Power Operation Complete software compatibility with the 80C86, 8086, and 8088 
microprocessors allows use of existing software in new designs. 
PICCSB 6 a ite sw ese wedandenen oes 500uA Maximum oo 
> ICCOP ...... ee ce ceceeeees 10mA/MHz Maximum Ordering Information 


e 1 Megabyte of Direct Memory Addressing Capability 
¢ 24 Operand Addressing Modes 

¢ Bit, Byte, Word, and Block Move Operations 

¢ 8 and 16 Bit Signed/Unsigned Arithmetic 

® Bus-Hold Circuitry Eliminates Pull-up Resistors 

¢ Wide Operating Temperature Ranges 


F CBO C8S iiss vee dee svotee ees 0°C to +709C 
PF IBOCS8 ices eines iase tess Saws -40°C to +85°C 


Pinouts  gotean pip 


TOP VIEW 


MIN 
MODE 


MAX 
MODE 


GND | 1] 
A14 | 2 | 


MAX MODE 
80C88 


MIN MODE 
80C88 


PACKAGE| TEMP.RANGE | __5MHz__| 


Plastic DIP] _O°C to +709C CP80C88 CP80C88-2 


-40°C to+859C =| IP80C88 IP80C88-2 
0°C to +709C CS80C88 CS80C88-2 


-40°C to +859C =| IS80C88 IS80C88-2 
0°C to +70°C CD80C88 CD80C88-2 


-40°C to +85°C | ID80C88 ID80C88-2 
-550C to +1250C | MD80C88/B MD80C88-2/8 
SMD# 5962-86016010A | - 


LCG -55°C to +1250G | MR80C88/B MR80C88-2/B 
SMD# 5962-8601601XA | ss - Ss 


44 LEAD PLCC/LCC 
TOP VIEW 


PLCC 


Ceramic 
DIP 


A16 /S3|A16 /S3 
A17 /S4|A17 /S4 


A13 | 3) 38] A16/S3 

A12 | 4] 7] A17/S4 4423 14 

Att [5 | [36] A18/ SS 

Ato | 6 | 35] A19/S6 A19 /S6 
AQ 34] SSO (HIGH) (HIGH) 
A8 | 8 | 33] MN / MX 

Ap7 [9 | 32] RD 

AD6 10) 31] HOLD = (RQ. / GTO) 

ADS 30] HLDA = (RQ. /GT1) 

Ap4 12) 29] WR (LOCK) 

aps [13] 28] 10/M (82) 

AD2 {14 DT/R = (S1) 

Apt [15] 26] DEN (SO) 

ADO |16| 125] ALE (QSO0) 

NMI INTA (QS1) 2 MIN MODE 

INTR 118 123] TEST i A ee 

- & MAX MODE 

CLK [19 22} READY ES 80C88 

GNo [20] 21] RESET wu 

Copyright ©Harris Corporation 1992 File Number 2949 
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Pin Description 


The following pin function descriptions are for 80C88 connection to the 80C88 (without regard to additional bus 
systems in either minimum or maximum mode. The “local bus” buffers). 
in these descriptions is the direct multiplexed bus interface 


PIN 
SYMBOL |NUMBER DESCRIPTION 
AD7-ADO 9-16 1/0 }| ADDRESS DATA BUS: These lines constitute the time multiplexed memory/IO address (T1) and data 
(T2, T3, Tw and T4) bus. These lines are active HIGH and are held at high impedance to the last valid 
level during interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”. 


A15-A8 2-8, 39 ADDRESS BUS: These lines provide address bits 8 through 15 for the entire bus cycle (T1-T4). These 
lines do not have to be latched by ALE to remain valid. A15-A8 are active HIGH and are held at high 
impedance to the last valid logic level during interrupt acknowledge and local bus “hold acknowledge” 


or “grant sequence”. 


A19/S6, 

A18/S5, 
A17/S4 37 
A16/S3 38 


ADDRESS/STATUS: During T1, These are the four most significant address lines for memory opera- 
tions. During I/O operations, these lines are LOW. During memory and I/O operations, status infor- 


mation is available on these lines during T2, TS, 
Tw and T4. S6 is always LOW. The status of the CHARACTERISTICS 
interrupt enable flag bit (S5) is updated at the 
beginning of each clock cycle. $4 and S3 are Alternate Data 
encoded as shown. Stack 

Code or None 
This information indicates which segment register Data 
is presently being used for data accessing. 


OoO000 


These lines are held at high impedance to the last valid logic level during local bus ‘hold acknowledge” 
or “grant sequence”. 


READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, depending 
on the state of the 10/M pin or S2. This signal is used to read devices which reside on the 80C88 local 
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is guaranteed to remain HIGH in T2 
until the 80C88 local bus has floated. 


This line is held at a high impedance logic one state during “hold acknowledge” or ‘‘grant sequence”. 


READY READY: is the acknowledgement from the addressed memory or I/O device that it will complete the 
data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A clock generator to 
form READY. This signal is active HIGH. The 80C88 READY input is not synchronized. Correct 
operation is not guaranteed if the set up and hold times are not met. 


INTR INTERRUPT REQUEST: isa level triggered input which is sampled during the last clock cycle of each 
instruction to determine if the processor should enter into an interrupt acknowlege operation. A sub- 
routine is vectored to via an interrupt vector lookup table located in system memory. It can be internally 
masked by software resetting the interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 


TEST TEST: input is examined by the “wait for test” instruction. If the TEST input is LOW, execution contin- 
ues, otherwise the processor waits in an “idle” state. This input is synchronized internally during each 
clock cycle on the leading edge of CLK. 


NMI NONMASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A subroutine 
is vectored to via an interrupt vector lookup table located in system memory. NMI is not maskable inter- 
nally by software. A transition from a LOW to HIGH initiates the interrupt at the end of the current 
instruction. This input is internally synchronized. 


RESET RESET: causes the processor to immediately terminate its present activity. The signal must transition 
LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts execution, as described 
in the instruction set description, when RESET returns LOW. RESET is internally synchronized. 


CLK 19 CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with a 33% 
duty cycle to provide optimized internal timing. 


VCC: is the +5V power supply pin. A0.1uF capacitor between pins 20 and 40 is recommended for 
decoupling. 


GND 1,2 GND: are the ground pins (both pins must be connected to system ground). A 0.1yF capacitor between 
pins 1 and 20 is recommended for decoupling. 


MINIMUM/MAXIMUM: indicates the mode in which the processor is to operate. The two modes are 


discussed in the following sections. 
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Pin Description 


The following pin function descriptions are for the 80C88 functions which are unique to the minimum mode are 
minimum mode (i.e, MN/MX = VCC). Only the pin described; all other pin functions are as described above. 


MINIMUM MODE SYSTEM 


PIN 
SYMBOL |NUMBER DESCRIPTION 


10/M STATUS LINE: is an inverted maximum mode S2. It is used to distinguish a memory access from an I/O 
access. 1O/M becomes valid in the T4 preceding a bus cycle and remains valid until the final T4 of the 
cycle (I/O = HIGH, M = LOW). 1O/M is held to a high impedance logic one during local bus 
“hold acknowledge”. 

WR Write: strobe indicates that the processor is performing a write memory or write I/O cycle, depending 
on the state of the 1O/M signal. WR is active for T2, T3 and Tw of any write cycle. It is active LOW, and 
is held to high impedance logic one during local bus “hold acknowledge”. 


INTA ane is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T2, T3 and Tw 
ea each interrupt acknowledge cycle. Note that INTA is never floated. 


ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 82C82/82C83 
address latch. It is a HIGH pulse active during clock low of T1 of any bus cycle. Note that ALE is never 
floated. 


DT/R DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use an 82C86/82C87 
data bus transceiver. itis used to control the direction of data flow through the transceiver. Logically, 
DT/R is equivalent to $1 in the maximum mode, and its timing is the same as for 1O/M (T = HIGH, 
R =LOW). This signal is held to a high impedance logic one during local bus “hold acknowledge”. 
31 
30 


DATA ENABLE: is provided as an output enable for the 82C86/82C87 in a minimum system which 
uses the transceiver. DEN is active LOW during each memory and I/O access, and for INTA cycles. For 
aread or INTA cycle, it is active from the middle of T2 until the middle of T4, while for a write cycle, it 

is active from the beginning of T2 until the middle of T4. DEN is held to high impedance logic one during 
local bus “hold acknowledge”’. 


processor lowers HLDA, and when the processor needs to run another cycle, it will again drive the 
local bus and control lines. 


Hold is not an asynchronous input. External synchronization should be provided if the system cannot 
otherwise guarantee the set up time. 


STATUS LINE: is logically equivalent to SO in the >——— 

maximum mode. The combination of SSO, 1O/M Hott | ot/A | 580 | CHARACTERISTICS | 
and DT/R allows the system to completely 
decode the current bus cycle status. SSO 
is held to high impedance logic one during 


local bus “hold acknowledge”. 


Interrupt Acknowledge 
Read I/O Port 

Write 1/O Port 

Halt 

Code Access 

Read Memory 

Write Memory 

Passive 


oo0o°0o 2a =a = = 
="4-00-+00 
=O 020-0 


HOLD: indicates that another master is requesting a local bus “hold”. To be acknowledged, HOLD 
must be active HIGH. The processor receiving the “hold” request will issue HLDA (HIGH) as an 
acknowledgment, in the middle of a T4 or TI clock cycle. Simultaneous with the issuance of HLDA the 
processor will float the local bus and control lines. After HOLD is detected as being LOW, the 
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Pin Description 


The following pin descriptions are for the 80C88_ pin functions which are unique to maximum mode are 
system in maximum mode (i.e., MN/MX = GND). Only the described; all other pin functions are as described above. 


MAXIMUM MODE SYSTEM 


PIN 
SYMBOL |NUMBER | TYPE DESCRIPTION 


STATUS: is active during clock high of T4, T1 | St | SO | CHARACTERISTICS | | CHARACTERISTICS _ 
a and T2, and is returned to the passive state 


28 (1,1, 1) during T3 or during Tw when READY 
is HIGH. This status is used by the 82C88 
bus controller to generate all memory and I/O 
access control signals. Any change by $2, Si or 


a 
$2 


Interrupt Acknowledge 
Read I/O Port 

Write I/O Port 

Halt 

Code Access 

Read Memory 

Write Memory 

Passive 


SO during T4 is used to indicate the beginning of 
a bus cycle, and the return to the passive state 

in T3 or Twis used to indicate the end of a bus 
cycle. 


=—~-4 s4s=  OOo0dd 
+~=300-+00 
=O 0 0+;0 


These signals are held at a high impedance logic 
one state during “grant sequence”. 


31 1/0 
30 


REQUEST/GRANT: pins are used by other local bus masters to force the processor to release the local 
bus at the end of the processor's Cur current bus cycle. Each pin is bidirectional with RQ/GTO having 


higher priority than RQ/GT1. RQ/GT has internal bus-hold high circuitry and, if unused, may be left 
unconnected. The request/grant sequence is as follows (see RQ/GT Timing Sequence): 


1. A pulse of one CLK wide from another local bus master indicates a local bus request (“hold”) to the 
80C88 (pulse 1). 


. During a T4 or TI clock cycle, a pulse one clock wide from the 80C88 to the requesting master 
(pulse 2), indicates that the 80C88 has allowed the local bus to float and that it will enter the 

“grant sequence” state at the next CLK. The CPUs bus interface unit is disconnected logically from 
the local bus during “grant sequence”. 


. Apulse one CLK wide from the requesting master indicates to the 80C88 (pulse 3) that the “hold” 
request is about to end and that the 80C88 can reclaim the local bus at the next CLK. The CPU 
then enters T4 (or TI if no bus cycles pending). 


Each master-master exchange of the local bus is a sequence of three pulses. There must be one idle 
CLK cycle after bus exchange. Pulses are active LOW. 


If the request is made while the CPU is performing a memory cycle, it will release the local bus during 
T4 of the cycle when all the following conditions are met: 


1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. Alocked instruction is not currently executing. 


If the local bus is idle when the request is made the two possible events will follow: 
1. Local bus will be released during the next clock. 

2. Amemory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle 
apply with condition number 1 already satisfied. 


LOCK: indicates that other system bus masters are not to gain control of the system bus while LOCK 
is active (LOW). The LOCK signal is activated by the “LOCK” prefix instruction and remains active until 
the completion of the next instruction. This signal is active LOW, and is held at a high impedance logic 
one state during “grant sequence”. In Max Mode, LOCK is automatically generated during T2 of the 
first INTA cycle and removed during T2 of the second INTA cycle. 


QUEUE STATUS: provide status to allow | asi | aso _ CHARACTERISTICS 


external tracking of the internal 80C88 
No Operation 


instruction queue. 

First Byte of Opcode From 
Queue 
Empty the Queue 
Subsequent Byte From 
Queue 


QS1, 24, 25 
QSO 


The queue status is valid during the CLK cycle 
after which the queue operation is performed. 
Note that the queue status never goes toa 
high impedance state (floated). 


Pin 34 is always a logic one in the maximum mode and is held at a high impedance logic one during a 
“grant sequence”. 
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Functional Description 
Static Operation 


All 80C88 circuitry is static in design. Internal registers, 
counters and latches are static and require no refresh as 
with dynamic circuit design. This eliminates the minimum 
operating frequency restriction placed on _ other 
microprocessors. The CMOS 80C88 can operate from DC 
to the specified upper frequency limit. The processor clock 
may be stoped in either state (high/low) and held there 
indefinitely. This type of operation is especially useful for 
system debug or power critical applications. 


The 80C88 can be single stepped using only the CPU 
clock. This state can be maintained as long as is necessary. 
Single step clock operation allows simple interface circuitry 
to provide critical information for start-up. 


Static design also allows very low frequency operation (as 
low as DC). In a power critical situation, this can provide 
extremely low power operation since 80C88 power dissipa- 
tion is directly related to operation frequency. As the system 
frequency is reduced, so is the operating power until, at a 
DC input frequency, the power requirement is the 80C88 
standby current. 


Internal Architecture 


The internal functions of the 80C88 processor are parti- 
tioned logically into two processing units. The first is the 
Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown in the CPU block diagram. 


These units can interact directly but for the most part per- 
form as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic 
bus control. The overlap of instruction pre-fetching provid- 
ed by this unit serves to increase processor performance 
through improved bus bandwidth utilization. Up to 4 bytes 
of the instruction stream can be queued while waiting for 
decoding and execution. 


The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 1 byte in the queue, the BIU will attempt 
a byte fetch memory cycle. This greatly reduces “dead 
time” on the memory bus. The queue acts as a First-In- 
First-Out (FIFO) buffer, from which the EU extracts instruc- 
tion bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into the queue 
immediately becomes available to the EU. 


The execution unit receives pre-fetched instructions from 
the BIU queue and provides unrelocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. 


Memory Organization 


The processor provides a 20 bit address to memory which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
OO000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra, and stack segments of up to 64K bytes 


each, with each segment falling on 16 byte boundaries. 
(See Figure 1). 


te SEGMENT 
I xxxXxOH 


STACK SEGMENT 


DATA SEGMENT 
|_MSB | 


+ OFFSET 


SEGMENT 
REGISTER FILE 


EXTRA SEGMENT 


CS 00000H 


FIGURE 1. MEMORY ORGANIZATION 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of prog- 
rams. The segment register to be selected is automatically 
chosen according to specific rules as shown in Table A. All 
information in one segment type share the same logical 
attributes (e.g., code or data). By structuring memory into 
relocatable areas of similar characteristics and by automati- 
cally selecting segment registers, programs are shorter, 
faster, and more structured. 


TABLE A 
MEMORY 


REFERENCE 
NEED 


SEGMENT 
REGISTER 
USED 


SEGMENT 
SELECTION RULE 


Instructions CODE (CS) Automatic with all instruction 
prefetch. 


Stack STACK (SS) All stack pushes and pops. 
Memory references relative to 
BP base register except data 
references. 


Local Data DATA (DS) Data references when: relative to 
stack, destination of string oper- 
ation, or explicitly overridden. 


ExternalData | EXTRA (ES) Destination of string operations: 
(Global) Explicitly selected using a 
segment override. 


Word (16 bit) operands can be located on even or odd 
address boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in the 
next higher address location. 
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The BIU will automatically execute two fetch or write cycles 
for 16 bit operands. 


Certain locations in memory are reserved for specific CPU 
operations. (See Figure 2). Locations from addresses 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial system initialization routine. 
Following RESET, the CPU will always begin execution at 
location FFFFOH where the jump must be located. Loca- 
tions OOOOOH through OO3FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt service 
routines is accessed through its own pair of 16 bit pointers 
- segment address pointer and offset address pointer. The 
first pointer, used as the offset address, is loaded into the IP, 
and the second pointer, which designates the base 
address, is loaded into the CS. At this point program control 
is transferred to the interrupt routine. The pointer elements 
are assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of interrupts. 


Minimum and Maximum Modes 


The requirements for supporting minimum and maximum 
80C88 systems are sufficiently different that they cannot be 
done efficiently with 40 uniquely defined pins. Consequently, 
the 80C88 is equipped with a strap pin (MN/MX) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, the 
80C88 defines pins 24 through 31 and 34 in maximum mode. 
When the MN/MX pin is strapped to VCC, the 80C88 gener- 
ates bus control signals itself on pins 24 through 31 and 34. 


The minimum mode 80C88 can be used with either a multi- 
plexed or demultiplexed bus. This architecture provides the 
80C88 processing power in a highly integrated form. 


Vec 0 
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FEFFOH PROGRAM JUMP 
TYPE 255 POINTER 
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FIGURE 2. RESERVED MEMORY LOCATIONS 


DEDICATED oocH 
INTERRUPT 


POINTERS 
(5) 008H 


CS BASE ADDRESS 
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The demultiplexed mode requires one latch (for 64K 
addressability) or two latches (for a full megabyte of 
addressing). An 82C86 or 82C87 transceiver can also be 
used if data bus buffering is required. (See Figure 3). The 
80C88 provides DEN and DT/R to control the transceiver, 
and ALE to latch the addresses. This configuration of the 
minimum mode provides the standard demultiplexed bus 
structure with heavy bus buffering and relaxed bus timing 
requirements. 


tt ADDRESS | off 


=) I 


R2C59A 
INTER 3UPT 
CONTROL 
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HM-65162 


CMOS RAM 


{R0-7 


FIGURE 3. DEMULTIPLEXED BUS CONFIGURATION 
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The maximum mode employs the 82C88 bus controller 
(See Figure 4). The 82C88 decodes status lines SO, S1 and 
$2, and provides the system with all bus control signals. 
Moving the bus control to the 82C88 provides better source 
and sink current capability to the control lines, and frees the 


Vec 0 
e 


82C84A/85 
RES 


RDY 


82C86 
 Ireaf8ve 


82C59A = 


exnaace 2 
CONTROL 


80C88 pins for extended large system features. Hardware 
lock, queue status, and two request/grant interfaces 
are provided by the 80C88 in maximum mode. These 
features allow coprocessors in local bus and remote bus 
configurations. 


GT eit, 3b) 


RD WR 
HM-65162 
CMOS RAM 


HM-6616 
CMOS PROM 


82CXX 
PERIPHERALS 


IRO-7 


FIGURE 4. FULLY BUFFERED SYSTEM USING BUS CONTROLLER 


Bus Operation 


The 80C88 address/data bus is broken into three parts: the 
lower eight address/data bits (ADO-AD7), the middle eight 
address bits (A8-A15), and the upper four address bits 
(A16-A19). The address/data bits and the highest four 
adddress bits are time multiplexed. This technique provides 
the most efficient use of pins on the processor, permitting 
the use of a standard 40 lead package. The middle eight 
address bits are not multiplexed, i.e., they remain valid 
throughout each bus cycle. In addition, the bus can be 
demultiplexed at the processor with a single address latch if 
a standard, nonmultiplexed bus is desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3 and T4. (See 
Figure 5). The address is emitted from the processor during 


T1 and data transfer occurs on the bus during T3 and T4. T2 
is used primarily for changing the direction of the bus 
during read operations. In the event that a “Not Ready” 
indication is given by the addressed device, “wait” states 
(Tw) are inserted between T3 and T4. Each inserted “wait” 
state is of the same duration as a CLK cycle. Periods can 
occur between 80C88 driven bus cycles. These are referred 
to as “idle” states (Ti), or inactive CLK cycles. The proces- 
sor uses these cycles for internal housekeeping. 


During T1 of any bus cycle, the ALE (Address latch enable) 
signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MxX strap). At the trailing 
edge of this pulse, a valid address and certain status infor- 
mation for the cycle may be latched. 
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FIGURE 5. BASIC SYSTEM TIMING 


Status bits SO, S1, and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table B. 


TABLE B. 


32 | si | so _| characteristics 


Interrupt Acknowledge 
Read I/O 

Write I/O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (No Bus Cycle) 


-”" oO —- Oo - 0906 


Status bits S3 through S6 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. 
S3 and S4 indicate which segment register was used for 
this bus cycle in forming the address according to Table C. 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to 0. 


TABLE C. 


| sa | sa | CHARACTERISTICS 


Alternate Data (Extra Segment) 
Stack 

Code or None 

Data 


I/O Addressing 


In the 80C88, I/O operations can address up to a maximum 
of 64K I/O registers. The I/O address appears in the same 
format as the memory address on bus lines A15-A0. The 
address lines A19-A16 are zero in I/O operations. The vari- 
able I/O instructions, which use register DX as a pointer, 
have full address capability, while the direct I/O instructions 
directly address one or two of the 256 I/O byte locations in 
page 0 of the I/O address space. I/O ports are addressed in 
the same manner as memory locations. 


Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses I/O with an 8 bit 
address on both halves of the 16 bit address bus. The 80C88 
uses a full 16 bit address on its lower 16 address lines. 
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External Interface 
Processor Reset and Initialization 


Processor initialization or start up is accomplished with acti- 
vation (HIGH) of the RESET pin. The 80C88 RESET is 
required to be HIGH for greater than four clock cycles. The 
80C88 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal reset 
sequence for approximately 7 clock cycles. After this inter- 
val the 80C88 operates normally, beginning with the 
instruction in absolute location FFFFOH (see Figure 2). The 
RESET input is internally synchronized to the processor 
clock. At initialization, the HIGH to LOW transition of RESET 
must occur no sooner than 50us after power up, to allow 
complete initialization of the 80C88. 


NMI will not be recognized if asserted prior to the second 
CLK cycle following the end of RESET. 


Bus Hold Circuitry 


To avoid high current conditions caused by floating inputs 
to CMOS devices and to eliminate the need for pull-up/ 
down resistors, “bus-hold” circuitry has been used on 
80C88 pins 2-16, 26-32 and 34-39 (see Figure 6a and 6b). 
These circuits maintain a valid logic state if no driving 
source is present (i.e., an unconnected pin or a driving 
source which goes to a high impedance state). 


To override the “bus hold” circuits, an external driver must 
be capable of supplying 400uA minimum sink or source 
current at valid input voltage levels. Since this “bus hold” 
circuitry is active and not a “resistive” type element, the 
associated power supply current is negligible. Power dissi- 
pation is significantly reduced when compared to the use of 
passive pull-up resistors. 


Interrupt Operations 


Interrupt operations fall into two classes: software or hard- 
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the instruc- 


EXTERNAL 
PIN 


INPUT 
PROTECTION 
CIRCUITRY 


FIGURE 6A. BUS HOLD CIRCUITRY PIN 2-16, 35-39 


tion set description. Hardware interrupts can be classified 
as nonmaskable or maskable. 


Interrupts result in a transfer of control to a new program lo- 
cation. A 256 element table containing address pointers to 
the interrupt service program locations resides in absolute 
locations 0 through 3FFH (see Figure 2), which are reserved 
for this purpose. Each element in the table is 4 bytes in size 
and corresponds to an interrupt “type”. An interrupting 
device supplies an 8 bit type number, during the interrupt 
acknowledge sequence, which is used to vector through 
the appropriate element to the new interrupt service 
program location. 


Non-maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable inter- 
rupt request (INTR) pin. A typical use would be to activate a 
power failure routine. The NMI is edge-triggered on a LOW 
to HIGH transition. The activation of this pin causes a type 2 
interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any high going transition of NMI 
is latched on-chip and will be serviced at the end of the 
current instruction or between whole moves (2 bytes in the 
case of word moves) of a block type instruction. Worst case 
response to NMI would be for multiply, divide, and variable 
shift instructions. There is no. specification on the 
occurrence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high-going 
edge triggers another response if it occurs after the start of 
the NMI procedure. 


The signal must be free of logical spikes in general and be 
free of bounces on the low-going edge to avoid triggering 
extraneous responses. 
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PROTECTION 
CIRCUITRY 


BUFFER 


FIGURE 6B. BUS HOLD CIRCUITRY PIN 26-32, 34 


3-159 


CMOS MICRO- 
PROCESSORS 


80C88 


Maskable Interrupt (INTR) 


The 80C88 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The interrupt 
request signal is level triggered. It is internally synchronized 
during each clock cycle on the high-going edge of CLK. 


To be responded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current instruction 
or the end of a whole move for a block type instruction. INTR 
may be removed anytime after the falling edge of the first 
INTA signal. During interrupt response sequence, further 
interrupts are disabled. The enable bit is reset as part of the 
response to any interrupt (INTR, NMI, software interrupt, or 
single step). The FLAGS register, which is automatically 
pushed onto the stack, reflects the state of the processor 
prior to the interrupt. The enable bit will be zero until the old 
FLAGS register is restored, unless specifically set by an 
instruction. 


During the response sequence (see Figure 7), the proces- 
sor executes two successive (back-to-back) interrupt 
acknowledge cycles. The 80C88 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until T2 
of the second. A local bus “hold” request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external inter- 
rupt system (e.g., 82C59A PIC) which identifies the source 
(type) of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup table. 


An INTR signal left HIGH will be continually responded to 
within the limitations of the enable bit and sample period. 
INTR may be removed anytime after the falling edge of the 
first INTA signal. The interrupt return instruction includes a 
flags pop which returns the status of the original interrupt 
enable bit when it restores the flags. 


Halt 


When a software HALT instruction is executed, the proces- 
sor indicates that it is entering the HALT state in one of two 
ways, depending upon which mode is strapped. In mini- 
mum mode, the processor issues ALE, delayed by one 
clock cycle, to allow the system to latch the halt status. Halt 
status is available on 1O/M, DT/R, and SSO. In maximum 
mode, the processor issues appropriate HALT status on S2, 


INTA 


S1 and SO, and the 82C88 bus controller issues one ALE. 
The 80C88 will not leave the HALT state when a local bus 
hold is entered while in HALT. In this case, the processor 
reissues the HALT indicator at the end of the local bus hold. 
An interrupt request or RESET will force the 80C88 out of 
the HALT state. 


Read/Modify/Write (Semaphore) Operations Via LOCK 


The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the 
execution of an instruction. This allows the processor to 
perform read/modify/write operations on memory (via the 
“exchange register with memory” instruction), without 
another system bus master receiving intervening memory 
cycles. This is useful in multiprocessor system configura- 
tions to accomplish “test and set lock” operations. The 
LOCK signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deactivated at 
the end of the last bus cycle of the instruction following the 
LOCK prefix. While LOCK is active, a request on a RQ/GT 
pin will be recorded, and then honored at the end of the 
LOCK. 


External Synchronization Via TEST 


As an alternative to interrupts, the 80C88 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active 
(LOW). The execution of WAIT does not consume bus 
cycles once the queue is full. 


If a local bus request occurs during WAIT execution, the 
80C88 three-states all output drivers while inputs and I/O 
pins are held at valid logic levels by internal bus-hold circuits. 
If interrupts are enabled, the 80C88 will recognize interrupts 
and process them when it regains control of the bus. 


Basic System Timing 


In minimum mode, the MN/MX pin is strapped to VCC and 
the processor emits bus control signals (RD, WR, IO/M, 
etc.) directly. In maximum mode, the MN/MxX pin is strapped 
to GND and the processor emits coded status information 
which the 82C88 bus controller uses to generate 
MULTIBUS™ compatible bus control signals. 


FIGURE 7. INTERRUPT ACKNOWLEDGE SEQUENCE 
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System Timing - Minimum System 


The read cycle begins in T1 with the assertion of the address 
latch enable (ALE) signal (See Figure 5). The trailing (low 
going) edge of this signal is used to latch the address informa- 
tion, which is valid on the address data bus (ADO-AD7) at this 
time, into the 82C82/82C83 latch. Address lines A8 through 
A15 do not need to be latched because they remain valid 
throughout the bus cycle. From T1 to T4 the IO/M signal 
indicates a memory or I/O operation. At T2 the address is 
removed from the address data bus and the bus is held at the 
last valid logic state by internal bus-hold devices. The read 
control signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be available on 
the bus and the addressed device will drive the READY line 
HIGH. When the processor returns the read signal to a HIGH 
level, the addressed device will again three-state its bus driv- 
ers. If a transceiver (82C86/82C87) is required to buffer the 
local bus, signals DT/R and DEN are provided by the 80C88. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The |O/M signal is again asserted to 
indicate a memory or I/O write operation. In T2, immediately 
following the address emission, the processor emits the data 
to be written into the addressed location. This data remains 
valid until at least the middle of T4. During T2, T3, and Tw, the 
processor asserts the write control signal. The write (WR) 
signal becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide time 
for output drivers to become inactive. 


The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 
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al 
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DEN 


(INTA) signal is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by internal 
bus-hold devices (see Figure 6). In the second of two suc- 
cessive INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic (i.e., 
82C59A priority interrupt controller). This byte identifies the 
source (type) of the interrupt. It is multiplied by four and used 
as a pointer into the interrupt vector lookup table, as de- 
scribed earlier. 


Bus Timing - Medium Complexity Systems 


For medium complexity systems, the MN/MX pin is con- 
nected to GND and the 82C88 bus controller is added to the 
system, as well as an 82C82/82C83 latch for latching the sys- 
tem address, and an 82C86/82C87 transceiver to allow for 
bus loading greater than the 80C88 is capable of handling 
(see Figure 8). Signals ALE, DEN, and DT/R are generated by 
the 82C88 instead of the processor in this configuration, al- 
though their timing remains relatively the same. The 80C88 
status outputs (S2, $1 and SO) provide type of cycle informa- 
tion and become 82C88 inputs. This bus cycle information 
specifies read (code, data or I/O), write (data or !/O), interrupt 
acknowledge, or software halt. The 82C88 thus issues control 
signals specifying memory read or write, I/O read or write, or 
interrupt acknowledge. The 82C88 provides two types of write 
strobes, normal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading edge of 
write. The advanced write strobes have the same timing as 
read strobes, and hence, data is not valid at the leading edge 
of write. The 82C86/82C87 tranceiver receives the usual T 
and OE inputs from the 82C88 DT/R and DEN outputs. 


Ts; Ta 


| SILLS 


DATAIN, |) «< 
— me i ee 


FIGURE 8. MEDIUM COMPLEXITY SYSTEM TIMING 
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The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can derive from an 82C59A 
located on either the local bus or the system bus. If the 
master 82C59A priority interrupt controller is positioned on 
the local bus, the 82C86/82C87 transceiver must be 
disabled when reading from the master 82C59A during the 
interrupt acknowledge sequence and software “poll”. 


The 80C88 Compared To The 80C86 


The 80C88 CPU is an 8 bit processor designed around the 
8086 internal structure. Most internal functions of the 
80C88 are identical to the equivalent 80C86 functions. The 
80C88 handles the external bus the same way the 80C86 
does with the distinction of handling only 8 bits at a time. 
Sixteen-bit operands are fetched or written in two consecu- 
tive bus cycles. Both processors will appear identical to the 
software engineer, with the exception of execution time. The 
internal register structure is identical and all instructions 
have the same end result. Internally, there are three differ- 
ences between the 80C88 and the 80C86. All changes are 
related to the 8 bit bus interface. 


e The queue length is 4 bytes in the 80C88, whereas the 
80C86 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was required 
because of the additional time necesssary to fetch 
instructions 8 bits at a time. 


¢ To further optimize the queue, the prefetching algorithm 
was changed. The 80C88 BIU will fetch a new instruc- 
tion to load into the queue each time there is a 1 byte 
space available in the queue. The 80C86 waits until a 2 
byte space is available. 


e The internal execution time of the instruction set is affect- 
ed by the 8 bit interface. All 16 bit fetches and writes 


from/to memory take an additional four clock cycles. The 
CPU is also limited by the speed of instruction fetches. 
This latter problem only occurs when a series of simple 
operations occur. When the more sophisticated instruc- 
tions of the 80C88 are being used, the queue has time to 
fill and the execution proceeds as fast as the execution 
unit will allow. 


The 80C88 and 80C86 are completely software compatible 
by virtue of their identical execution units. Software that is 
system dependent may not be completely transferable, but 
software that is not system dependent will operate equally 
as well on an 80C88 or an 80C86. 


The hardware interface of the 80C88 contains the major 
differences between the two CPUs. The pin assignments 
are nearly identical, however, with the following functional 
changes: 


e A8-A15: These pins are only address outputs on the 
80C88. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner similar 
to the 8085 upper address lines. 


@ BHE has no meaning on the 80C88 and has been elimi- 
nated. 


e SSO provides the SO status information in the minimum 
mode. This output occurs on pin 34 in minimum mode 
only. DT/R, 10/M and SSO provide the complete bus sta- 
tus in minimum mode. 


e 1O/M has been inverted to be compatible with the 8085 
bus structure. 


e ALE is delayed by one clock cycle in the minimum mode 
when entering HALT, to allow the status to be latched 
with ALE. 
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Absolute Maximum Ratings Reliability Information 

Supply Vole 2.2 Lessvistenck bt dahdus ew aokwaseehe cues +8.0V Thermal Resistance Gia Vic 

Input, Output or 1/O Voltage Applied .... GND-0O.5V to VCC+0.5V Ceramic DIP Package...............5. 27.59C/W  5.99C/W 

Storage Temperature Range ................5 -~65°C to +150°C Ceramic LCC Package ................ 62.290C/W  8.69C/W 

Junction Temperature ....... 0... cece eee ce ee eee +175°C Maximum Package Power Dissipation at +125°9C 

Lead Temperature (Soldering 10 sec) .................. +300°C Ceramic DIP Package .......... ccc ccc cece cece cee nees 1.82W 

ESD ClassiliCalion:s.c.. oaw6 2n4cs RES e Ae eS eles ewe Gene ee Class 1 Ceramic LCC Package ............ ccc cece ence eccees 806mW 
Gate Count -..c0cx 2s ia wele i eeud case wks «cuca vende 9750 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This !s a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification 1s not implied. 


Operating Conditions 


Operating Voltage Range ............ cc cee ee eens +4.5Vto+5.5V Operating Temperature Range 
MBOCEG6=2 ONY o6saok piieehedeieuee eae: +4.75V to +5.25V CS0C 88/2 nies se oh Wee SKE RES O°C to +70°C 
IBUCSB i) etc cutis Nee eee ee eee -40°C to +85°C 
MSEO0C8G/> 2eic5 55 canede ius wien eens os -55°9C to +125°9C 


D.C. Electrical Specifications Vcc = 5.0V + 10%; Ta = 0°C to +70°C (C80C88) (C80C88-2) 
VGC = 5.0V + 10%; Ta = -409C to +85°C (180C88) (180C88-2) 
VGC = 5.0V + 10%; Ta = -559C to +1250C (M80C88) 
VGC = 5.0V + 5%; TA = -559C to +1250C (M80C88-2) 


SYMBOL PARAMETER | min | max | units TEST CONDITIONS 
SE Ae aa Maa SNS Ec A TP Se a ET SD OEE OO kT 


VIH Logical One 2.0 C80C88, 180C88 (Note 4) OF 
a er 55 
[we [tena zoe voivonags [es vf SC*d* 
“wre | cir tonics Oneinpurvonase [woo aa] [vf] | |g8 
we [cutting Zronourvoiee | [es [vp C*':*E 


IOH = -2.5mA 
1OH = -100uA 


V 
V 
V 
V 
V 
V 
V 
4 V IOL = +2.5mA 
HA VIN = OV or VCC, 
DIP Pins 17-19, 21-23, 33 
yA VIN = 3.0V 
(Note 1) 
00 MA VIN = 0.8V 
(Note 2) 
hod LA VO = OV (Note 5) 
500 MA VCC = 5.5V 
(Note 3) 
aia = vn = HO 


VIN = GND or VCC, 
Outputs Open 
NOTES 1  IBHH should be measured after raising VIN to VCC and then lowering to 3.0V on the following pins 2-16, 26-32, 34-39 
IBHL should be measured after lowering VIN to GND and then raising to 0 8V on the following pins 2-16, 35-39 
ICCSB tested during clock high time after HALT instruction execution VIN = VCC or GND VCC = 5 5V outputs unloaded 
MN/MxX ts a strap option and should be held to VCC or GND 
1O should be measured by putting the pin in a high impedance state and then driving Vout to GND on the following 
pins 26-29 and 32 


VOH Output High Voltage 3.0 
VCC -0.4 


Operating Power 
Supply Current 


a ff WO PP 
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Capacitance Tp = 25°C 


SYMBOL PARAMETER TYPICAL | UNITS TEST CONDITIONS 


CIN Input Capacitance FREQ = 1MHz 


All measurements are 
referenced to device GND 
Output Capacitance pF 
1/O Capacitance 


A.C. Electrical Specifications Voc = 5.0V + 10%; Ta = 0°C to +709C (Ck 'C88) (C80C88-2) 
Voc = 5.0V + 10%; Ta = -40°C to +85°0C (180C88) (180C88-2) 
Voc = 5.0V + 10%; Ta = -55°C to +1250C (M80C88) 
Voc = 5.0V + 5%; TA = -559C to +1250C (M80C88-2) 


MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


SYMBOL PARAMETER 


TOHIGHE 
8) TOVGL 


a a 
ee Ci eee 
| 68 
| 10 | | 10 
ee eae ee 
a 
| a 
(8) TRIVCL RDY Setup Time into 3 
PMRING | tzcoaarSeonoun.a| | | P| 
os 


_~ 


— 


From 3.5V to 1.0V 


Pe 


~_ 


(9) TCLR1X RDY Hold Time into 
82C84A (See Notes 1, 2) 
TRYHCH READY Setup Time 
(10) into 80C88 
TCHRYX READY Hold Time 
(11) into 80C88 
TRYLCL READY Inactive to 
(12) CLK (See Note 3) 
(13)THVCH HOLD Setup Time | 20 | 
TINVCH INTR, NMI, TEST 15 30 
(14) Setup Time (See 
Note 2 
(15) TILIH Input Rise Time 
(Except CLK) 
(16) TIHIL Input Fall Time 
(Except CLK) 
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Specifications 80C8&8 


A.C. Electrical Specifications Vcc = 5.0V + 10%; Ta = 0°C to +70°C (C80C88) (C80C88-2) 
Vcc = 5.0V + 10%; Ta = -40°C to +85°C (180C88) (180C88-2) 
VCC = 5.0V + 10%; Ta = -55°C to +125°C (M80C88) 
VCC = 5.0V + 5%; TA = -559C to +1250C (M80C88-2) 


MINIMUM COMPLEXITY SYSTEM TIMING RESPONSES 


80C88-2 80C88 
SYMBOL PARAMETER 


jrmotav_| Adcrese vata dey | 10 | 60 | 10 | 0 | ns 
[aiTLAX | Address Hold Time [10 || 10 | +d 
ZOTTCHS2 
22) TLHLL TCLCH-10 


(23)TCLLH ALE Active Delay 
(24)TCHLL ALE Inactive Delay 


(25) TLLAX Address Hold Time TCHCL-10 
to ALE Inactive 

(26)TCLDV Data Valid Delay 10 

(27) CLDX2 Data Hold Time 10 


TWHDX | Data Hold Time TCLCL-30 
tee) After WR 


TEST CONDITIONS 


_ 


110 


Precon-zo[ | ns 


oe 
10 


Ze 


= 
oO 


on 
oO 
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on 
ao 


Cy = 100pF for all 
80C88 Outputs In 


addition to internal 
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291 CVCTV Control Active Delay 1 10 
Control Active Delay 2 10 
(319 CVCTX Control Inactive Delay 10 


w 
Oo 
=| 
QO 
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—- 
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) 
READ Active 
(35)TRHAV TCLCL-40 
Address Active 
37)TRLRH 2TCLCL-50 


(38)TWLWH WR Width 2TCLCL-40 


39) TAVAL Address Valid to TCLCH-40 
ALE Low 


(40)TOLOH Output Rise Time From 0 8V to 2.0V 
(41) TOHOL Output Fall Time From 2 OV to 0.8V 


NOTES 1. Signal at 82C84A shown for reference only I 
2 Setup requirement for asynchronous signal only to guarantee recognition at next clock 
3 Applies only to T2 state (8 nanoseconds into T3) 
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Waveforms 
BUS TIMING - MINIMUM MODE SYSTEM 


T, T2 T3 Tw T, 


(1) 4 (5} 
TCLCL TCHICH2 t— TCL2CL1 H 


CLK (82C84A Output) 
TCHCTV 
suaael! irae a= + Bos _|_t) 


a a Ric SO ert ee 
(17) 
= ee ee ee ae reLaV 
(26) TCLDV 17) 
fi rev 


rc a a a= Se Se Da Sa Ce 
TCLLH . 
(23) | 


IN @ IRIAN 


ALE 


RDY (82C84A Input) 
SEE NOTES 1, 2 


aa (12) 
(11) 
READY (80C88 Input) Pape 
Jaye cu 
2 
(19) TCLAZ TDVCL 

(32) TAZRL TRHAV (35) 
RD 

) 

___ READ CYCLE 30 

(WR, INTA = Von) TCHCTV (30) 
DTR 

(29) TCVCTV—> 

DEN 


NOTES: 1. RDY ts sampled near the end of T2, T3, Tw to determine if Tw machine states are to be inserted. 
2. Signals at 82C84A are shown for reference only. 
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Waveforms (Continued) 
BUS TIMING - MINIMUM MODE SYSTEM (Continued) 


t (4) % (5) Ts Tw Te 
TCHICH2 TCL2CL1 j 


CLK (820844 OUTPUT) 
(17) | TCLDX2 
TCLAV > (27) |j*— 


ag a, WC 


(28) TwHax 
(31) TCVCTX 


WRITE CYCLE ae 4 


wa 
TCVCTX —=} (31) 
{6)|-— rove. —— <— TCLDX1 (7} 
sail ie 
= toncrv (30) 


ora 


INTA CYCLE \ aS Ze 
ms) eer 
(RD, WR = Voy) ame 
INTA 
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SOFTWARE HALT - 


GEN,AD.WRINTA = Von AD; — ADp — * INVALID ADDRESS SOFTWARE HALT 


(17) TCLAV _— 


(23}TCLLH = TCHLL (24) 
ws | a 


tevcrx (31) 


——-| —_— 
TCHCTV 
(30) 


NOTES: 1. TwoINTA cycles run back-to-back. The 80C88 local ADDR/DATA bus is floating during both INTA cycles. 
Control Signals are shown for the second INTA cycle. 


2. Signals at 82C84A are shown for reference only. 
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Specifications 80C8&8 


A.C. Electrical Specifications Vcc = 5.0V + 10%; Ta = 0°C to +70°C (C80C88) (C80C88-2) 
Voc = 5.0V + 10%; Ta = -40°C to +85°C (I180C88) (180C88-2) 
Voc = 5.0V + 10%; Ta = -55°C to +1250C (M80C88) 
Voc =5.0V + 5%; T, = -55°C to +1250C (M80C88-2) 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) TIMING REQUIREMENTS 


SYMBOL PARAMETER aT UNITS TEST CONDITIONS 


()TCLCL | CLK Cycle Period ae ee 


pare exten pe fee fe 
ai TCHCL | CLK High Time ee 


aes oe Sere es ea a eo From 10V 10 35V 


6) TOVGL | Baan Sep Tie au. NL a ee 
(7)TCLDX1 Data in Hold ame 


82C84 (See Notes 1, 2) 

(9)TCLR1X RDY Hold Time into 
82C84 (See Notes 1, 2) 

(10)TRYHCH | READY Setup Time 
into 80C88 

(11)TCHRYX | READY Hold Time 
into 80C88 

(12)TRYLCL | READY Inactive to 
CLK (See Note 3) 

(13)TINVCH | Setup Time for 
Recognition (INTR, 
NMI, TEST) (See 
Note 2) 

(14)TGVCH | RO/GT Setup Time 

(15)TCHGX | RQ Hold Time into 8 10 0} —| 
80C88 (See Note 4) 

(16) TILIH Input Rise Time nein 0 8V to 2.0V 
(Except CLK) 

(17) TIHIL input Fall Time From 2.0V to 0.8V 
(Except CLK) 
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Specifications 80C88 


A.C. Electrical Specifications Vcc = 5 OV + 10%, Ta = 0°C to +70°C (C80C88) (C80C88-2) 
VCC = 5.0V + 10%, Ta = -40°C to +85°C (180C88) (180C88-2) 


VCC = 5.0V + 10%; Ta = -55°C to +125°C (M80C88) 
TEST CONDITIONS 


Voc = 5.0V + 5%, Ty = -55°C to +1259C (M80C88-2) 


UNITS 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) TIMING RESPONSES 


SYMBOL PARAMETER Lae 
Command Active 
Delay (See Note 1) 
Command Inactive 
Delay (See Note 1) 

(20) RYHSH READY Active to Status 
Passive (See Notes 3, 5) 


21)TCHSV Status Active Delay 
Status Inactive Delay 
(See Note 5) 

23) TCLAV Address Valid Delay 


4)TCLAX Address Hold Time 
25) TCLAZ Address Float Delay _— 


wD BR an yy 
X 2| 2 
a 4} 3 
(@) @) '@) 
- rc = 
” = = 
= zr - 


2 


Chil 


26) TCHSZ Status Float Delay ae 


7) TSVLH Status Valid to ALE 20 
High (See Note 1) 


STO CLK Low to ALE Valid 
(See Note 1) 
(30)TCLMCH | CLK Low to MCE High 
(See Note 1) 
(31) TCHLL ALE Inactive Delay 
(See Note 1) 
oe MCE Inactive Delay 
(See Note 1) 
i Le SA 
(34)TCLDX2 Data Hold Time 


(35) TCVNV Control Active Delav 
(See Note 1) 

(36) TCVNX Control Inactive 
Delay (See Note 1) 

(37) TAZRL Address Float to 
Read Active 

(38) TCLRL RD Active Delay 

(39)TCLRH RD Inactive Delay 


eet eae ee ee ei 

(40) TRHAV | Inactive to Next poe 40 TCLCL-45 

| Active 
(41)TCHDTL | Direction Control 

Active Delay (See 

Note 1) 
(42)TCHDTH | Direction Control 

Inactive Delay 

(See Note 1) 


mare GT Active Delay 
44)TCLGH GT Inactive Delay 


45)TRLRH RD Width 2TCLCL-50 — 2TCLCL-75 i i _tl 
sgROLOR | Oupat ee Tan TO 


NOTES 


C. = 100 pF for all 
80C88 Outputs in 
addition to internal load 


Signal at 82C84A or 82C88 shown for reference only 
. Setup requirement for asynchronous signal only to guarantee recognition at next clock 
. Applies only to T2 state (8 nanoseconds into T3) 
The 80C88 actively pulls the RO/GT pin to a logic one on the following clock low time. 
Status lines return to their inactive (logic one) state after CLK goes low and READY goes high. 


OhONM + 
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Waveforms 
BUS TIMING - MAXIMUM MODE (USING 82C83) 


qT, T2 Ts Ta 
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0) 5) 
TCLCL Foner TCL2CL1 7, 


CLK 
| (23) | Lage 
aeraAy = TCHCL 
0S, Os, Eaten ee 2 ot a 
5. 5, & (EXCEPT HALN ip sau 


le ee rs 


(24) 
TCLAX TCLAV 
mat Cel XO EET ED 


(27) TSVLH 
(29) TCLLH at 
ALE ( 82C88 OUTPUT) a 


TRIVCL 


net ESRC 


(11) 
Eee 


SEE 
NOTES 1, 2 


READY ( 80C88 INPUT) 


TCLAX 
READ CYCLE (23) (7) 
TCLAV beg—— TCERZ TCLDX1 
AD,;-AD, - AD,-AD, ae DATA IN ne 


\— TRHAV (40) 


RD 
(41) 
TCHDTL By 
DTR | 
(18) TCLML 

82C88 OUTPUTS oe 
SEE NOTES 2, 4 MRDC OR 1ORC 

—— (35) TCVNV 

DEN 

(36) 
TCVNX 


NOTES. 1 RDY ts sampled near the end of T2, T3, Tw to determine if Tw machine states are to be inserted 
2 Signals at 82C84A or 82C88 are shown for reference only. 


3 Status inactive in state just prior to T4. 


4 The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, |IOWC, AIOWC, 
INTA and DEN) lags the active high 82C88 CEN 
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80C88 


Waveforms (Continued) 
BUS TIMING - MAXIMUM MODE SYSTEM (USING 82C88) (Continued) 


T, T2 Ts T, 
Tw 


Z ASsLa= a 


23 ar qersn 


(35} 


(18) 19 
ee rt 


TCLDX1 {7} 


CLK 


(see note 3) 


TCLDX2 


DE 


2 


82C88 OUTPUTS 
SEE NOTES 1,2 } AMWC OR AIOWC 


MWTC OR IOWC 
INTA CYCLE 
A15~ Ag 

(SEE NOTES 4, 5) 


AD,-AD, ( powter |) ~ 


MCE, | an 


(28) TSVMCH 
PDEN 


__ (30) TCLMCH Fi ay TCHDTH (42) 


82C88 OUTPUTS | 
Af 
Ch frm (19) 


SEE NOTES 1,2,4) jnja 
TCVNX (36) 


CMOS MICRO- 
PROCESSORS 


SOFTWARE CC eeCti( tC 
HALT — RD, MRDC, IORC, MWTC, AMWC, IOWC, AIOWC, INTA, SO, S1 = Von 


AD,-ADo, Ais5-Ag 
INVALID ADDRESS 


TCHSV TCLSH 


NOTES: 1 Signals at 82C84A or 82C88 are shown for reference only. 


2. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWG, IORC, IOWC, AIOWC, 
INTA and DEN) lags the active high 82C88 CEN. 


3 Status inactive in state just prior to T4. 
4. Cascade address ts valid between first and second INTA cycles 


5 Two INTA cycles run back-to-back The 80C88 local ADDR/DATA bus 1s floating during both INTA cycles. 
Control for pointer address is shown for second INTA cycle 
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80C88 


Waveforms (Continued) 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


Any CLK Cycleet<—- 0-CLK Cycle 


CLK 


payee y { 
RaGT PULSE 1 
COPROCESSOR 
Previous grant RO 
Ais-Ag 
AD,-ADy 


80ces 


RD, COCK 
Aig/Se-Aie/S3 
S2, $,, So 


Biba ( 4) as 
J 4 ToHax{15 *>~TCLGL~+ 


TcLGH (44) 


PULSE 2 

80C88GT PULSE 3 
COPROCESSOR 
RELEASE 


TCLAz (25) 


i COPROCESSOR 


e—TCHSZ __ (SEENOTE1) tbe TCHSV (21) 
er mt 2. Cc 


NOTE: The coprocessor may not drive the busses outside the region shown without risking contention 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


CLK 


HOLD 


HLDA 


Ais-Ag 


AD7-ADy 


Aig/Se-Aie/Ss 


RD, WR, !O/M, DT/R, DEN, SSO 


1 OR 2 CYCLES 
(13) 
THVCH 
. 


TCLHAV (36) 
| 


(19) 
TCLAZ 


COPROCESSOR 


NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK 


ASYNCHRONOUS SIGNAL RECOGNITION 


CLK 


(13} 


NMI TINVCH (see note 1) 


INTR §, signal 
TEST 


NOTE: Setup requirements for asynchronous signals only to guarantee 
recognition at next CLK 


BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 


Any CLK cycle>| 


CLK 


(23) —> TCLAV=— 


LOCK 
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80C88 


Waveforms (Continued) 
RESET TIMING 


i > 50sec 


vcc 


CLK 


(7] TCLDx1 
(6) TDVCL 
RESET 
2 4CLK CYCLES 
A.C. Test Circuit A.C. Testing Input, Output Waveform 
OUTPUT FROM TEST INPUT OUTPUT 
DEVICE UNDER TEST | POINT VIH + 20% VIH VOH 
i 1.5V 1.5V 

VIL. - 50% VIL VOL 
*Includes stay and jig capacitance AC Testing: All input signals (other than CLK) must switch between 


ViLmax -50% VIL and VIHmin +20% VIH. CLK must switch 
between 0.4V and VCC -0.4V. Input rise and fall times are 
driven at 1ns/V. 
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CMOS MICRO- 
PROCESSORS 


80C88 


Burn-In Circuits MD80C88 (CERAMIC DIP) 
ct ail GND 
GND 1 | vcc 
GNp RIO ra] RIO vor 
vet 2 3 | RO" vecy2 
eno 22 RO vecy2 
Gnp =o 5 | RO vecy2 
vel 6 | RO vecr2 
Gnp 2 RO vecy2 
eno 20 re | GND 
@np 22 Bo RO vi 
ver 22 10] [31] a VEL 
ver =O i eels 
vel 12] RO vec/2 
OPEN RO vec/2 
OPEN 14] RO vecs2 
OPEN 5] 6 RO. veces 2 
OPEN +116) RO vecy2 
GND RO vec; 2 
GND 18) GND 
Fo He 19] READY |22) Rl vei 
RI 
GND 20) RESET [21] HOPE @) 
PROGRAM 
CARD 


vcc 
VCL 


coud I shasta WN sharks WE enka IN teeta cheale O ade UE doula deal clei el 


$181 0190 8208 F218 8228 1238 1248 E251 F268 1278 1288 


VCC/ 2 
GND 


NOTES: 
1. VCC = 5.5V + 0.5V, GND = OV 
2. Input Voltage Limits (Except Clock): 
VIL (Maximum) = 0.4V 
VIH (Minimum) = 2.6V, VIH(Clock) = (VCC - 0.4V) Min 
3. VCC/2 is external supply set to 2.7V + 10% COMPONENTS: 
. VCL is generated on program card (VCC - 0.65V) . RE= 10k + 5%, 1/4W 
5. Pins 13 - 16 input sequenced instructions from internal hold devices, . RO = 1 2k0 + 5%, 1/4W 
(DIP Only). . RIO = 2.7kN + 5%, 1/4W 
6. FO = 100kHz + 10% RC = 1kN + 5%, 1/4W 
7. Node @ =a 40us pulse every 2.56ms . © = 0.01 pF (Minimum) 


BSS 


OAhON = 
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80C88 


Metallization Topology 


DIE DIMENSIONS: 
249.2 x 290.9 x 19 + 1 mils 


METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11kA + 2kA 
GLASSIVATION: 
Type: SiO9 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.5 x 10° A/cm2 


Metallization Mask Layout 
80C88 


Att A12 A13 A14 GND vcc A15 A16/S3 A17/S4 A18/S5 


} ” 
cc 
| A19/S6 Zo 
A10 oO ~” 
=i 
As & ” © 
$50 2 Oo 
MN/MX rs) o 
Asi 
- RD 
AD7 | ie 
= c “wae 
=; * HOLD 
AD6 es 
oa eT mod Fs Foe peed 
ADS an 
ey ee 
J : HLDA 
AD4 iB 
AD3 ! 
WR 
: oO. ~ % ; ; k : "ss | 
AD2 @ ; on 7 | Rrancnatcnnna Pach atAnaen cater RRR HCn techs 10o/M | 
“ 6" ke 7 . SSI iene ‘ 
ied _ 
AD1 it 2 
S = 2 
= = DT/R 
= < 
a iS 
| 2 
= ott 


— | cee 


me aero aa Oe 


NMI INTR CLK GND RESET READY TEST INTA ALE DEN 
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Instruction Set Summary 


80C88 


Mnemonic and 
Description instruction Code 


DATA TRANSFER 
MOV = Move: 


Register/Memory to/from Register 
Immediate to Register/ Memory 
Immediate to Register 

Memory to Accumulator 

Accumulator to Memory 
Register/Memory to Segment Register** 


Segment Register to Register/Memory 


PUSH = Push: 
Register/Memory 
Register 


Segment Register 


POP = Pop: 
Register/Memory 
Register 


Segment Register 


XCHG = Exchange: 
Register/Memory with Register 


Register with Accumulator 


IN = Input from: 
Fixed Port 
Variable Port 


OUT = Output to: 
Fixed Port 

Variable Port 
XLAT = Translate Byte to AL 
LEA = Load EA to Register 
LDS = Load Pointer to DS 
LES = Load Pointer to ES 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 

POPF = Pop Flags 


76543210 76543210 76543210 76543210 
100010dw 


mod000r/m data if w 1 
1011wreg data data if w 1 
1010000w add-low addr-high 


1010001w addr-low addr-high 


10001110 


a. 
r) 
© camadal 
&> 


mod 0 reg r/m 


10001100 mod 0 reg r/m 


171111111 mod 110r/m 
0101 0reg 
000reg110 


mod000r/m 
01011 reg 
000reg111 


100001i1Ww mod reg r/m 


10010reg 


| 
= 


1110110w 


1110011w 
1110111w 


= 


10001101 
11000101 mod reg r/m 
11000100 mod reg r/m 
10011111 
10011110 
10011100 
10011101 


mod reg r/m 
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80C88 


Instruction Set Summary (Continued) 


Mnemonic and 
Description instruction Code 
ARITHMETIC 766843210 76543210 76543210 76843210 


ADD = Add: 


Reg /Memory with Register to Either 000000dw 
immediate to Register/Memory 100000sw mod0001/m data if s:w = 01 
immediate to Accumulator 0000010w data data if w = 1 


ADC = Add with Carry: 
Reg /Memory with Register to Either 000100dw mod reg r/m 
immediate to Register/ Memory 100000sw mod010r/m data data if s:w = 01 


immediate to Accumulator 0001010WwW data data ifw = 1 


INC = Increment: 


Register/Memory mod0001r/m 
Register 01000reg 

AAA = ASCIil Adjust for Add 

DAA = Decimal Adjust for Add 001001171 


SUB = Subtract: 


| ‘ 


Reg./Memory and Register to Either rT 01010dw mod reg r/m 
immediate from Register/Memory 100000sw mod 101r/m data data if s:w = 01 


Immediate from Accumulator 0010110Ww data data ifw = 1 


CMOS MICRO- 
PROCESSORS 


SBB = Subtract with Borrow 
Reg./Memory and Register to Either 000110dw mod reg r/m 


data data if s:w = 01 | 


data ifw = 


Immediate from Register/Memory 100000sw modQ111/m 


immediate from Accumulator 0001110Ww 


DEC = Decrement: 
Register/ Memory 111111Ww mod0015/m 


Register 

NEG ~ Change Sign [| sitsortw | modo1t em | 

CMP = Compare: 

Register/Memory and Register 

Immediate with Register/ Memory [| 100000sw | moditinvm | data] dataifsw= 01 | 
Immediate with Accumulator 

AAS = ASCil Adjust for Subtract 

DAS = Decimal Adjust for Subtract 


MUL = Multiply (Unsigned) 1111011w 
IMUL = Integer Multiply (Signed) 1111011w 
AAM = ASCII Adjust for Multiply 
DIV = Divide (Unsigned) 1111011w 
IDIV = Integer Divide (Signed) 
AAD = ASCIl Adjust for Divide | 41010101 | 00001010 | 


CBW = Convert Byte to Word 10011000 


CWD = Convert Word to Double Word 10011001 , 
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80C88 


Instruction Set Summary (Continued) 


Mnemonic and 
Description Instruction Code 


LOGIC 
NOT = Invert 


SHL/SAL = Shift Logical/Arithmetic Left 


SHR = Shift Logical Right 
SAR = Shift Arithmetic Right 
ROL = Rotate Left 

ROR = Rotate Right 


RCL = Rotate Through Carry Flag Left 


RCR = Rotate Through Carry Right 


AND = And: 
Reg /Memory and Register to Either 
Immediate to Register/ Memory 


Immediate to Accumulator 


TEST = And Function to Flags, No Result: 


Register/Memory and Register 


immediate Data and Register/Memory 


Immediate Data and Accumulator 


OR = Or: 

Reg /Memory and Register to Either 
immediate to Register/Memory 
immediate to Accumulator 

XOR = Exclusive or: 

Reg /Memory and Register to Either 
immediate to Register/Memory 


Immediate to Accumulator 


STRING MANIPULATION 

REP = Repeat 

MOVS = Move Byte/Word 
CMPS = Compare Byte/Word 
SCAS = Scan Byte/Word 

LODS = Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A 
CONTROL TRANSFER 

CALL = Call: 

Direct Within Segment 

Indirect Within Segment 


Direct Intersegment 


Indirect Intersegment 


76543210 76543210 76543210 76543210 
1111011Ww mod010r/m 
mod 100r/m 


110100Vvw 
110100vw mod 101r/m 
110100Vvw 
110100Vvw mod000r/m 
110100vw mod0011r/m 


110100vw mod010r/m 


mod 1111/m 


110100Vvw mod0111/m 


001000dw mod reg r/m 
1000000w 
0010010w 


data data ifw = 1 


data ifw = 1 


mod100r/m 


data 


1000010w mod reg r/m 


1111011w mod000Or/m data ifw = 1 


1010100w data data if w = 1 


000010dw mod reg r/m 


1000000w mod0011r/m data data ifw = 1 


0000110w data data ifw = 1 


001100dw modregr/m 


1000000w mod110r/m data data ifw = 1 


0011010w 


1111001z 
1010010w 
1010011w 
1010111w 
1010110w 
1010101w 


11101000 
11411111 


disp-high 


mod010r/m 
10011010 offset-low offset-high 


seg-low seg-high 


11111111 mod 0 116/m 
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80C88 


Instruction Set Summary (Continued) 


Mnemonic and 
Description Instruction Code 


JMP = Unconditional Jump: 
Direct Within Segment 

Direct Within Segment-Short 
Indirect Within Segment 


Direct Intersegment 


Indirect Intersegment 


RET = Return from CALL: 
Within Segment 


Within Seg Adding immed to SP 
Intersegment 
Intersegment Adding Immediate to SP 


JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLE/JNG = Jump on Less or Equal/ 
Not Greater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBE/JNA = Jump on Below or Equal/ 
Not Above 

JP/JPE = Jump on Parity/Parity Even 


JO = Jump on Overflow 
JS = Jump on Sign 
JNE/JNZ = Jump on Not Equal/Not Zero 


JNL/JGE = Jump on Not Less/Greater 
or Equal 

JNLE/JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Below/Above 
or Equal 

JNBE/JA = Jump on Not Below or 
Equal/Above 

JNP/JPO = Jump on Not Par/Par Odd 


JNO = Jump on Not Overflow 
JNS = Jump on Not Sign 
LOOP = Loop CX Times 


LOOPZ/LOOPE = Loop While Zero/Equal 


LOOPNZ/LOOPNE = Loop While Not 
Zero/Equal 

JCXZ = Jump on CX Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 


76543210 76543210 76543210 


disp-high 


11101001 


11101011 


mod 100r/m 


offset-low otfset-high 


seg-low seg-high 


11471171114 


11101010 


11111111 mod101r/m 


11000011 
11000010 


data-low data-high 


11001011 
11001010 data-low data-high 


01110100 


01111100 


01111110 


01110010 


01110110 
01111010 


01110000 


01111000 
01110101 


01111101 


o1ti0011 | disp 
01110111 disp 


01111011 disp 


01110001 
11100010 


11100001 


11100000 


11100011 


11001101 
11001100 
11001110 


pe 


11001111 


| 
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Instruction Set Summary (Continued) 


Mnemonic and 
Description 


76543210 


PROCESSOR CONTROL 


CLC = Clear Carry [11111000 | 
CMC = Complement Carry [aatt0101_ | 
STC = Set Carry [14111001 _ ‘| 
CLD = Clear Direction [11111100 ‘| 


STD = Set Direction (44441101 | 
CLI = Clear Interrupt [aat1t010 | 
STi = Set Interrupt [11111011 | 
HLT = Healt [_s1110100__] 
WAIT = Wait [10011011 _ ‘| 


instruction Code 


76543210 


ESC = Escape (to External Device) | 140ttxxx | modxxxr/m | 


LOCK = Bus Lock Prefix 11110000 


NOTES: 
AL = 8-bit accumulator 


AX = 16-bit accumulator 
CX = Count register 
DS = Data segment 


ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 

if d = 1 then “to” reg; if d = 0 then “from” reg 

if w = 1 then word instruction; if w = 0 then byte instruc- 
tion 

if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0%, disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 
16 bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (DI) + DISP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Di) + DISP 

if r/m = 110 then EA = (BP) + DISP* 
ifr/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if re- 
quired) 
*except if mod = 00 and r/m = 110 then EA = disp- 
high: disp-low. 
**MOV CS, REG/MEMORY not allowed. 
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if s:w = 01 then 16 bits of immediate data form the oper- 
and. 

if sw = 11 then an immediate data byte is sign extended 
to form the 16-bit operand. 

if v = 0 then “count” = 1; if v = 1 then “count” in (CL) 

x = don’t care 

z is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 


0011reg110 


REG is assigned according to the following table: 


16-Bit (w = 1) | 8-Bit(w = 0) 


Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 

FLAGS = 
X:X:X:X:(OF):(DF):(IF):(1F):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


Mnemonics © Intel, 1978 


Oo 


(COPOCESSO 


PAGE 
INDUSTRY CMOS PERIPHERAL CROSS REFERENCE.............. 0.0... ccc cece ee tee eee ees 4-3 
CMOS PERIPHERAL DATASHEETS 
CDP 1851, C Programmable I/O Interface... 0. ene eet eee eens 4-5 
CDP 1852, C Byle-Wide W/O Pony cnc erates beach cod ead 20 keel dae ere a oe eae 4-17 
CDP 1852/3, C/3 High-Reliability Byte-Wide I/O Port 20... 0... ccc cent eee eeee 4-25 
CDP 1853, C N-Bit 10! B DOCOGGr: fntaeuw ease wee ene ou eee heed ease be Oe beneukw ws 4-30 
CDP 1853/3, C/3 High-Reliability N-Bit 1 of 8 Decoder ......... 0... cee eee eee 4-34 
CDP1854A, AC Programmable: UART acest waka cetera nhs eee hc a oe ee eat eae as 5-41 
CDP 1855, C 8-Bit Programmable Multiply/Divide Unit ............. 0.0.0... cee ees 4-38 
CDP 1857, C 4-Bit Bus Buffer/Separator ... 00.0.0... cee ete cence ee eees 4-51 ov) 
CDP1871A, AC Keyboard Encoder xis 3.34 ila tae ek Ss oka ond hvac ebewewieeteedates 4-55 a Ps 
CDP1872C High Speed 8-Bit Input Port.... 0.0.00... ccc cc eee ee cece e eee eee ee ee 4-64 <. = 
CDP1874C High Speed 8-Bit Input Port.......0.0. 0... cee eee ce cee cence tees sees 4-64 oO = 
CDP 1875C High Speed 8-Bit Output Port... 0.0... 00. cc ccc ccc eee cece eens 4-64 a 
CDP 1877, C Programmable Interrupt Controller (PIC). ....... 0.0.0... ccc ce cee eee ees 4-69 
CDP 1878, C Dual Counter imMer 3.4 5.3030 eo wee eee ba ee ere bebe sue autene 4-78 
CDP 1879, C-1 Realtime CloCKs32 6 ona won baree ENE ee ea Rae ee Ba Rees 4-91 
CDP 1881, C 6-Bit Latch and Decoder Memory Interface........... 0.00.0. ccc eee cee ees 4-107 
CDP 1882, C 6-Bit Latch and Decoder Memory Interface .... 0.0.0... 00... cece ce eee eee 4-107 
CDP 1883, C 7-Bit Latch and Decoder Memory Interface ........... 0.0.0. ccc cece eee ee 4-113 
ICM7170 Microprocessor Compatible Real-Time Clock ............... 000.000.000.000 4-118 
82C237 Enhanced Programmable DMA Controller... ........0.. 000. e eee ee eee ences 4-131 
82C284 Clock Generator and Ready Interface for 80C286 Processors ...............00. 4-157 
82C284/883 Clock Generator and Ready Interface for 80C286 Processors ...............0.. 4-167 
82C37A Programmable DMA Controller ..... 0.0.0... ec cece eee eee eee eee nes 4-176 
82C50A Asynchronous Communications Element..............0. 0.000 c cece ee eee eee 5-3 
82C52 Serial Controller Interface... 0.2... ccc cece eee t eee ees 5-23 
82C54 Programmable Interval Timer... 0.0.0.0... ccc ce ete eee t eee e eee 4-198 
82C55A Programmable Peripheral Interface ......... 0... 00. c ccc cee eee eee eee es 4-215 
82C59A Priority Interrupt Controller.........0 0.0.0... ec ccc eee ee eee eee eee eens 4-237 
82C82 Octal: Latcning: Bus Driver: iss. ove acd. S ada eee 4S Ska gee Ree Rea w ened 4-256 
82C83H Octal Latching Inverting Bus Driver ........ 0.0... ccc ccc cee ee ete ee 4-263 


CMOS PERIPHERALS INDEX Continued on Page 4-2 
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82C84A Clock Generator Driver ............ 0c cc ce cece eee eee ee et ee eee eee eeeees 4-270 


82C85 Static Clock Controller/Generator ...... 0.0... ccc eee tenet nee eens 4-280 
82C86H Octal: Bus Transceiver so 2c10s24<t aon sae aie Poe eee eRe REO Ss beh nsaesees 4-299 
82C87H Octal Inverting Bus Transc@iver.... 0.0... 0. ce ee ee eee eens 4-306 
82C88 Bus Controllers 5s-d5. 5 a ccyle ecg Sie des BS RP ERAS eae Sa Med eee tw ew Ss 4-313 
82C89 BUS AIDING cic asty Bek a oe agin w Wena Bate Hae RS ore SOAS GH oem Rd we 4-322 


RELATED APPLICATION NOTES 


App Note 109 82C59A Priority Interrupt Controller... . 0.00... ee eee eee eee 7-15 
App Note 7275 User’s Guide to the CDP 1879 and CDP1879C1 CMOS Real-Time Clocks. ........ 7-70 
App Note 7374 The CDP1871A Keyboard Encoder. ....... 2... ccc ccc eee ee eens 7-88 
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CDP1800-Series CMOS Peripherals 


Can be used with CMOS and NMOS Processors 


MICROPROCESSOR BUS 


MULTIPLEXED NONMULTIPLEXED 


INTEL/ ROCK- 
TOROLA INTEL NSC ZILOG WELL 


8048, 8051 (NOTE 2) 
80C48, 80C51 FANOUT 

8049, 80C49 6502 | INPUT | (TTL 
65C02 | LEVELS! LOADS) 


DESCRIPTION AND 
FUNCTION 


1800 
SERIES 


68HC05 
6805 


RCA I/O TYPE 
VO PORTS 


D 
uo 
ze 
= 


[ves_[ ves [cmos] 1 

ves_| ves | ves | Yes_| ves | OMOS 
Separator | 

feppte7e _[setinputrot | _ves_| ves | ves | ves | ves | ves [cmos] 9 

feopia7a | 8-Bit Input Por [ves | ves | ves | ves | ves | ves | omos| 3 

g-Bit input Port ves | ves__| ves | ves | ves | omos| 3 | 

MEMORY I/O DECODERS me 

Yes [ves | ves | ves | ves [omos] 1 

ves__|__Yes omos | 1 

feriss2___[ebittatcwDecoder__| ves | ves | ves | ves | ves | ves | omos| 1 

Yes_| __ves owos |_1 _| 

SERIAL /O : 

fw fe eet | et eee 

(Note 3) 

foopesce __‘|UART______'| Nolet | Notet | Note? | Noto | Noto1 | Not | omOS] 1 


MULTIPLY/DIVIDE 


| MDU 


[eoPia7ia [Keyboard Encoder | ves [ Nowo1 | Noe? Nolet] Nowi | Now? [ows] 
fooPie7a [Dual Counier-Timer | Ves _[ Nolet [Yes [Yes [owos [7 


CDP1879 Real-Time Clock Use6818,| Use 6818, A |Use6818, CMOS Ps 
A A 


INFERRUPT CONTROL 


CDP1877 Programmable Interrupt Yes CMOS 1 
Controller 


NOTES: 
1. Yes but requires additional “glue parts”. 
2. 1 TTL load, i.e., < 0.4V at 1.6mA 
3. Operating in 1800 compatible mode (mode 1). Otherwise see CDP6402 for mode 0 information. 
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PERIPHERALS 


a 


80CXXX Family 
Peripheral Cross Reference 


82C37A-5 82C37A-5 uPD71037 MSM82C37A-5 M5M82C37A-4, -5 | VL82C37A-4 TMP82C37A-5 
wPD8237A-5 VL82C37A-5 CA82C37A-5 | 
VL82C37A-8 KS82C37A 
SMC82C37A 


82C37A MSM82C37A 
820237 


82C37A-12 
82C237-12 


82054 


82C54-10 


82C55A-5 
B82C55A 


82C54 


82C54-2 


82C55A-2 


uPD71054 


uPD82C56A-5 


uPD71055 
uPD8255A-2 


MSM82C54 


MSM82C54-2 


MSM82C55A-5 
MSM82C55A-2 


M5M82C54-6 
M5M82C54 


M5M82C55A-5 


VL82C54-8 


AM82C54 
KS82C54 
CA82C54 
TMP82C54 


AM82C54-2 
KS82C54-10 


TMP82C54-2 


AM82C55A 
KS82C55A 


CA82C55A 
UM82C55A 


AM82C59A-2 
CA82C59A 
KS82C59A 
TMP82C59 


VL82C59A-8 


82C59A-5 
82C59A 


M5M82C59A 


82C59A-2 ppPD71059 


uPD8259A 


MSM82C59-2 


UARTS 
82C50A VL82C50A INS82C50A 


CA82C50A 


WD82C50A 
KS82C50A 


CA82C52 
KS82C52 


82C52 


BUS SUPPORT 
82C284-10 
820284-12 
82C82 

82C83H 
82C84A 


82C 284-10 
820284-12 


KS82C284-10 
KS82C284-12 


uPD71082 
uPD71083 
uPD71084 


82C84A 
82C84A-5 


MSM82C84A 
MSM82C84A-5 


VL82C84A-8 


CA82C84A 
KS82C84A 
MSM82C84A-2 


82C89 


a i A Srna a 
pw PD8288 MSM82C88-2 KS82C88 
a i Te 


4-4 


Go HARRIS CDP1851C 


February 1992 CMOS Programmable V/O Interface 
Features Description 
¢ 20 Programmable VO Lines THE CDP1851 and CDP1851C are CMOS programmable 


two-port I/Os designed for use as general-purpose I/O 


* Programmable for Operation in Four Modes: devices. They are directly compatible with CDP 1800-series 


- Input microprocessors functioning at maximum clock frequency. 
- Output Each port can be programmed in either byte-i/O or bit-pro- 
- Bidirectional grammable modes for interfacing with peripheral devices 


- Bit-programmable such as printers and keyboards. 


Both ports A and B can be separately programmed to be 8 
bit input or output ports with handshaking control lines, RDY 
EE) and STROBE. Only port A can be programmed to be a bidi- 
Ordering Information rectional port. This configuration provides a means for com- 


municating with a peripheral device or microprocessor 
TEMPERATURE system on a single 8 bit bus for both transmitting and receiv- 
RANGE 5V 10V ing data. Handshaking signals are provided to maintain 
proper bus access control. Port A handshaking lines are 
Plastic DIP -40°C to +85°C 1 +[CDP1851CE used for input control and port B handshaking lines are used 
corresicex| - 
-40°C to +85°C + |CDP1851CD |{CDP1851D 
CDP1851CDX |CDP1851DX 


¢ Operates in Either VO or Memory Space 


for output; therefore port B must be in the bit-programmable 
mode where handshaking is not used. 


Burn-in 


Ports A and B can be separately bit programmed so that 
each individual line can be designated as an input or output 
line. The handshaking lines may also be individually pro- 
grammed as input or output when port A is not in bidirec- 
tional mode. 


The CDP1851 has a supply-voltage range of 4V to 10.5V, 
and the CDP1851C has a range of 4V to 6.5V. Both types 
are supplied in 40-lead dual-in-line plastic (E suffix) or her- 
metic ceramic (D suffix) packages. The CDP1851C is also 
available in chip form (H suffix). 


Ceramic DIP 


Burn-in 


CMOS 
PERIPHERALS 


Pinout CDP1851 Programming Modes 
40 LEAD DIP 
TOP VIEW (2) (2) 
(8) PORTA (8) PORT B 
PORTA HANDSHAKING PORT B HANDSHAKING 
DATA PINS PINS DATA PINS PINS 


Accept Input READY, STROBE Accept Input Data | READY, STROBE | 
Data 
| 


Output Data READY, STROBE Output Data READY, STROBE 


Bidirectional | Transfer Input/ | Input Handshaking Must be Previous- | Output Handshaking 
(Port A Only) | Output Data for Port A ly Set to Bit-Pro- | for PortA 
grammable Mode 


Bit-Program- | Programmed In- | Programmed Individ- | Programmed Indi- | Programmed Individ- 
mable dividually as In- } ually as Inputs or vidually as Inputs | ually as Inputs or 
puts or Outputs | Outputs or Outputs Outputs 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 056 1 | 
Copyright © Harris Corporation 1991 4-5 


Specifications CDP1851, CDP1851C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


DPB a i eds aiate ae aiciees hte Ste aoa a Oe shine epee aes Dene Wire ann Siatertndtck naman Nanpachans bdes a Dek naan See AR Ree saute -0.5 to +11 V 

CDP ICSC iahives son loc sen weseennian els aw daw uc Masaaki oe mew eh ow Cia ha Mea debts Oe esata nawata see aa ue wees -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ............ cc ccc cece cece cece ccctececsceteceeeseeevereecesveuseeeveees -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ........ 0... cc cece cece cece cece e rece cece ete eeenetetneeenseeuteeeucusueeeneves +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to 60°C (PACKAGE TYPE E) ........ccccccccsccccvucsccuscsvevssucecceseccestecesecnccseecevecsacscuces 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) ........ ccc ccc ccc cee cece eee e eens eeneeeeevuees Derate Lineary at 12 mW/°C to 200 mw 

FOC TA ==55'to 100°C (PACKACE TYPE D) «2.45 capecsch elie iedinikd orwauswa a Puos Vea bonaesn $e haces eles ieeusatay 500 mW 

For Ta = +100 to +125°C (PACK \GE TYPE DD)... ccc ccc cece ese eect cccereececs Derate Lineary at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Type) ..........cccccccececcececceecncvescuseuceuceaees 40 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYRE DoE xc aie tesa ate aad are cues ap aatnicd sate tate Woes a une Mates Cereus BA code ebae neces -55 to +125°C 

PACKAGE TYRE Siistsn cease fcharatat sidscaaaw ne ateeeuscee es aca Rulne wie waid Ween ob AM aed A te @lanae twang -40 to +85°C 
STORAGE TEMPERATURE RANGE UC) oe ee ee ree eer rn ere ere -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ....... cece ccc cece cece cette eee teense teeesenaees +265°C 


OPERATING CONDITIONS at Ta = Full Package- Temperature Range. For maximum reliability, operating conditions should 
be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC CDP1851 CDP1851C UNITS 


DC Operating Voltage Range 4 10.5 4 6.5 
Input Voltage Range Vss VDD Vss VDD 


DATA 


DATA 
> BUS 
BUFFER 


% 
g 
Z 
Z 
G 
cLock y 
S. a 
— Z 
"a yy 
LEAR TY 
Abs a 
CELA B3 
onli cece. SECTION Bt 
BINT fe 8 B6 
LOGIC B7 
READY 
STROB 
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Fig. 1 - Functional diagram for CDP1851 and CDP1851C. 


Specifications CDP1851, CDP1851C 
STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, Except as noted 


CHARACTERISTIC 


Quiescent Device Current '!DD 


Output Low Drive 
(Sink) Current 
Output High Drive 

(Source) Current 
Output Voltage 
Low-Level 
Output Voltage 
High Level 


— 
So 


Input Low Voltage 
Input High Voltage 


Input Leakage Current 


3-State Output Leakage 
Current 


Operating Current 


Input Capacitance 


*Typical values are for Ta = 25°C and nominal Vpp. 
Flot = IOH = 1A. 


fo 
moh, 

o 
ee 


No a 


ow 


5 
0 

5 

10 


AOperating current is measured at 200 kHz for Vpp = 5 V and 400 kHz for Vpp = 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 


FUNCTIONAL DESCRIPTION 


The CDP1851 has four modes of operation: input, output, 
bidirectional, and bit-programmable. Port A is program- 
mable in all modes; port B is programmable in all but the 
bidirectional mode. A control byte must be loaded into the 
control register to program the ports. In the input and 
output modes, each port has two handshaking signals, 
STROBE and RDY. In the bidirectional mode, port A has 
four handshaking signals: ARDY and A STROBE for input, 
BRDY andB STROBE for output. If port Ais programmed in 
the bidirectional mode, port B must be programmed in the 
bit-programmable mode. Each terminal of port A or B may 
be individually programmed for input or output in the bit- 
programmable mode. Since handshaking is not used in this 
mode, the RDY and STROBE lines may also be used for 
bit-programming if port A is not in the bidirectional mode. 


input Mode 
When a peripheral device has data to input, it sends a 
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STROBE pulse to the PIO. The leading edge of this pulse 
clears the RDY line, inhibiting further transmission from the 
peripheral. The trailing edge of the STROBE pulse latches 
the data into the PIO buffer register and also activates the 
INT tine to signal the CPU to read this data. The INT pincan 
be wired to the INT pin of the CPU or the EF lines for polling. 
The CPU then executes an input or a load instruction, 
depending on the mapping technique used. In either case 
the proper code must be asserted on the RAO, RA1, and CS 
lines to read the buffer register (see Table VI). 


The INT line is deactivated on the leading edge of TPB. The 
trailing edge of TPB sets the RDY line to signal the 
peripheral that the port is ready to be loaded with new data. 
lf RDY is low when the input mode is entered (i.e. after a 
reset), a “dummy” read must be done to set RDY high and 
signal the peripheral device that the port is ready to be 
loaded. 


CMOS 
PERIPHERALS 


CDP1851, CDP1851C 


FUNCTIONAL DESCRIPTION (Cont'd) 


Output Mode 


A peripheral STROBE pulse sent to the PIO generates an 
interrupt to signal the CPU that the peripheral device is 
ready for data. The CPU executes the proper output or store 
instruction. Data are than read from memory and placed on 
the bus. The data are latched into the port buffer at the end 
of the window when RE/WE = 0 and WR/RE = 1. The RDY 
line is also set at this time, indicating to the peripheral that 
there is data in the port buffer. The line is deactivated at 
the beginning of the window. After the peripheral reads 
valid port data, it can send another STROBE pulse, clearing 
the RDY line and activating the INT line as in the input 
mode. 


Bidirectional Mode 


This mode programs port A to function as both an input and 
output port. The bidirectional feature allows the peripheral 
to control port direction by using both sets of handshake 
signals. The port A handshaking pins are used to control 
input data from peripheral to PIO, while the port B 
handshaking pins are used to control output data from PIO 
to peripheral. Data are transferred in the same manner as 
the input and output modes. Since A INT is used for both 


qo 


al 
ps) 


+z 


> v 
PODD 


CDPI800 
FAMILY 


peP 


ADDRESS REGISTER 


ADDRESS SELECTS 
NO | CONTROL/ 
800l STATUS REG 
8002 NO | PORT A 
8003 NO | PORT B 
NO 2 CONTROL/ 
8004 STATUS REG 
8008 | NO.2PORTA 
8006 NO. 2 PORTB 


input and output, the status register must be read to 
determine what condition caused A INT to be activated (see 
Table V). 


Bit—Programmable Mode 


This mode allows individual bits of port A or port B to be 
programmed as inputs or outputs. To output data to bits 
programmed as outputs, the CPU loads a data byte into the 
8 bit port as in the output mode (no handshaking). Only bits 
programmed for outputs latch this data. Data must be stable 
when reading from bits programmed as inputs, since the 
input bits do not latch. When the CDP1851 inputs data to the 
CPU the CPU also reads the output bits latched during the 
last output cycle. The RDY and STROBE lines may be used 
for |/O by using the STROBE/RDY I/O control byte in table 
ll. An additional feature available in the bit-programmable 
mode is the ability to generate interrupts based on 
input/output byte combinations. These interrupts can be 
programmed to occur on logic conditions (AND, OR, 
NAND, and NOR) generated by the eight I/O lines of each 
port (The STROBE and RDY lines cannot generate 
interrupts). 


A RDY 
B RDY 
A STROBE 
B STROBE 


PORT AO ~—A7 


PORT BO-B7 


A RDY 
B RDY 
A STROBE 
B STROBE 


PORT AO —A7 


PORT BO-B7 


PIO 
NO 2 
CDPI851 


92CM- 31924 


Fig. 2- Memory space i/O. This configuration allows up to four CDP1851s to occupy 
memory space 8XXX with no additional hardware (A4 - A5 and A6 - A7 are used as 
RAO and RA1 on the third and fourth PIO’s). 
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CDP1851, CDP1851C 
PROGRAMMING 


Initialization and Controls 

The CDP1851 PIO must be cleared by a low on the 
CLEAR input during power-on to set it for programming. 
Once programmed, modes can be changed without 
clearing except when exiting the bit-programmable 
mode. A low on the CLEAR input sets both ports to the 
input modes, disables interrupts, unmasks all bit- 
programmed interrupt bits, and resets the status 
register, A RDY, and B RDY. 


Mode Setting 

The control register must be sequentially loaded with 
the appropriate mode set control bytes in order as 
shown in table | (i.e. input mode then output mode, 
etc.). Port Ais set with the SET A bit = 1 and port B is set 
with the SET B bit = 1. If a port is set to the bit- 
programmable mode, the bit-programming control byte 
from table || must be loaded. A bit is programmed for 
output with the I/O bit = 1 and for input with the I/O bit = 
0. The STROBE and RDY lines may be programmed for 
input or output with the STROBE/RDY control byte of 


3. 


table II. Input data on the STROBE and RDY lines is 
detected by reading the status register. When using the 
STROBE or RDY lines for output, the control byte must 
be loaded every time output data is to be changed. To 
program logical conditions that will generate an 
interrupt, the interrupt control byte of table III must be 
loaded. An interrupt mask of the eight I/O lines may be 
loaded next, if bit D4 (mask follows) of the interrupt 
control byte = 1. The !/O lines are masked if the 
corresponding bit of the interrupt mask register is 1, 
otherwise it is monitored. Any combination of masked 
bits are permissable, except all bits masked (mask = 
FF). 

INT Enable/Disable = 

To enable or disable the INT line in all modes, the 
interrupt ENABLE/DISABLE byte must be loaded (see 
Table IV). Interrupts can also be detected by reading 
the status register see table V. All interrupts should be 
disabled when programming or false interrupts may 
occur. The INT outputs are open drain NMOS devices 
that allow wired ORing (use 10K pull-up registers). 


A FLOW CHART GUIDE TO CDP1851 MODE PROGRAMMING 


PERFORM FOLLOWING 
SEQUENCE BEFORE 


REPEAT FOR EACH 
BIT- PROGRAMMABLE 


PORT USING TABLE IL 


SET BIT LOGICAL 


REPEAT FOR EACH 
BIT- PROGRAMMABLE 
PORT 


MASKING USING 
TABLE DL 


SET BIT DIRECTION 
WILL 
INTERRUPTS BE USED 


FOR BIT- PROGRAMMED 
PORT ? 


CONDITIONS AND 


PROGRAMMING PORT A TO 
BIDIRECTIONAL MODE 
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GENERATE CLEAR PULSE 
AT PIN 13 


SET PORTS A AND 8 

TO INPUT, OUTPUT, OR 
BIT-PROGRAMMABLE MODE 
USING TABLE I 


1S 
EITHER PORT 
SET TO THE 

BIT- PROGRAMABLE 


NOW SET PORT A TO 
BIDIRECTIOAL MODE, 
IF DESIRED 


SET MASTER INTERUPT 


ENABLE/ DISABLE 
USING TABLE IV 


MAIN PROGRAM 
NOTES 


| STROBE /READY I/O CONTROL BYTE (TABLE IT) 
IS ALSO USED TO OUTPUT DATA TO STROBE AND 
READY LINES WHEN BIT-PROGRAMMED. 


2 STATUS REGISTER (TABLE ID) iS USED TO 
INPUT DATA FROM STROBE AND READY LINES 
WHEN BIT-PROGRAMMED. 


3. INTERRUPT STATUS IS ALSO READ FROM 
STATUS REGISTER. 


92CM- 34508 
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PERIPHERALS 


CDP1851, CDP1851C 


TABLE! [RA1=0, RAO=1] 


MODE SET * 


Bit-Programmable 


Bidirectional 


* Modes should be set in order as shown in Table | 
If either port is set for bit-programmable mode, the two following control bytes should immediately follow: 


TABLE Il [RA1=0, RAO=1] 


viiaentie 
ee ee ee ee ee ee 


AOutput = 1 
Ainput = 0 
(D1) O=PortA, 1=PortB 
(D2) 0=No change to RDY line function, 1 = Change per bit (D6) 
(D3) 0=No change to STROBE line function, 1 = Change per bit (D7) 
(D4) RDY line output data 
(D5) STROBE line output data 
(D6) RDY line used as: 
Output = 1 
Input = 0 
(D7) STROBE line used as: 
Output = 1 
input = 0 


If interrupts will be used for either bit-programmed port, the following control bytes should be loaded: 


TABLE Ill [RA1=0, RAO=1] 


INTERRUPT CONTROL 
Logical Conditions and Mask 


(D3) O=PortA, 1=PortB 
(D4) 0=Nochange in mask, 1 = Mask follows (See TABLE lila) 
(D5) (D6) 0,0 = NAND; 1, 0 = OR; 0, 1 = NOR; 1, 1 = AND 


TABLE Illa [RA1=0, RAO=1] 


InTerRUPTCONTROL | 7 | 6 | 5 _ 
Mask Register B7 B6 
(lt D4 = 1) Mask Mask 


It Bn Mask = 1 then mask Bit (for n = 0 to 7) 


B1 BO 
Mask Mask 


B4 
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CDP1851, CDP1851C 


TABLE IV [RA1=0, RAO=1] 
_—s 
Interrupt INT 
Enable/Disable Enable ‘ 
TNT Enable = 1, INT Enabled A/B = 0, Port A 
= 0, INT Disabled = 1, PortB 
TABLE V [RA1=0, RAO=1] 
Status Register | be 


(D4) ARDY input data 


(DO) BINT status (1 means set) 
(D1) A INT status (1 means set) (D5) A STROBE input data 
(D2) 1=A INT was caused by A STROBE Bidirectional Mode (D6) BRODY input data 

(D3) 1=A INT was caused by B STROBE Only (D7) B STROBE input data 


All Modes 


Bit-Programmable 
Mode 


ie A 


TABLE VI — CPU CONTROLS 


7 
2 
x 
m 


No-op bus 3-stated 
No-op bus 3-stated 
No-op bus 3-stated 
No-op bus 3-stated 
No-op bus 3-stated 
Read * status register 
Load control register 
Read * port A 

Load port A 

Read * port B 

Load port B 


w 
wall 
<{ 
nx 
oe 
5 a 
oc 
ww 
eo. 


cess 
escsenee 


-~+2=0024-384%x x xO x 


J 
Meee: Gr dees Sie he Sel S 
al 


* Read = RD/WE = 1 and WR/RE = 0 is latched on trailing edge of CLOCK. 


TABLE VII — MEMORY I/O USE 
RD/WE Input WR/RE Input TPB Input 
MRD | TPB TPB 
MWR MRD TPB 


FUNCTION PIN DEFINITION 


PIO Terminals 


| |1/O Space 


Memory Space CPU Terminals 


CLOCK (Input): BUS 0 — BUS 7: 

Positive input pulse that latches READ and CS on its trailing Bidirectional CPU data bus. 

edge. CLEAR (input) 

CS — CHIP SELECT (Input) A low-level voltage at this input resets both ports to the 
A high-level voltage at this input selects the CDP1851 PIO. input mode, and also resets the status register. A RDY, B 


i le (disabling interrupts). 
RAO — REGISTER ADDRESS 0 (Input): RDY, and interrupt enable (disabling in pts) 
A INT — A INTERRUPT (Output): 


This input and RA1 are used to select either the ports or the : 


control/status registers. A low-level voltage at this output indicates the presence of | 
: one of the interrupt conditions listed in Table III. This ! 
RA1 — REGISTER ADDRESS 1 (Input): output is an open-drain NMOS device (to allow wired 
See RAO ORing) and must be tied to a pullup resistor, normally 10 
kQ. 
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CDP1851, CDP1851C 


FUNCTION PIN DEFINITION (Cont'd) 


B INT — B INTERRUPT (Output): 


A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 
output is also an open-drain NMOS device and must be tied 
to a pullup resistor. 


B RDY — B READY (Output): 


This output is a handshaking or data bit I/O line in the 
bit-programmable mode. 


B STROBE (Input): 


An input handshaking line for port B in the input and output 
modes, and for port A when it is in the bidirectional mode. It 
can be used as a data bit I/O line in the bit-programmable 
mode except when port A is not programmed as 
bidirectional. 


BO— B?7: 
Data input or output lines for port B. 


Vss: 
Ground 


A0—A7: 
Data input or output lines for port A. 
A STROBE (input): 


An input handshaking line for port A in the input, output, 
and bidirectional modes. It can also be used as a data bit I/O 
line when port A is in the bit-programmable mode. 


A RDY — A READY (Output): 
A output handshaking line or data bit I/O line. 
TPB (Input): 


A positive input pulse used as a data load, set, or reset 
strobe. 


WR/RE — WRITE/READ ENABLE (Input): 


A positive input used to write data from the CDP1851 to the 
CPU bus. 


RD/WE — READ/WRITE ENABLE (Input): 


A positive input used to read data from the CPU bus to the 
CDP1851 bus. 


VppD: 
Positive supply voltage. 


ARDY 
B RDY 
A STROBE 
B STROBE 


PORT AOQ-A7 


COPI85I 


PORT BO-B7 


A RDY 
B RDY 
A STROBE 
B STROBE 


PORT AO-A7 


PORT BO-B7 


COPI351 


92CM-3i925 


Fig. 3-1/0 space I/O. 
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Specifications CDP1851, CDP1851C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, 
tr, ty = 20 ns, Vipq = 0.7 Vop, Viz = 0.3 Vp. CL = 100 pF 


CHARACTERISTIC CDP1 =" Cc 


P= l= 


Input Mode see Figs. 4 and 5 


Minimum Setup Times: 
Chip Select to CLOCK 


Minimum Hold Times: 
Chip Select After CLOCK 


Data Bus Out After Address 
Propagation Delay Times: 
TPB to INT 


PERIPHERALS 


STROBE to INT 


Minimum Pulse Widths: 
CLOCK 


STROBE 
Access Time, Address to Data | 
Bus Out | | 


*Typical values are for Ta = 25°C and nominal voltages. 
+Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1851, CDP1851C 


92CS-31927 


RDY | | 


i} i 
“1 = tsTRoy =~ TPRDY 
iNT 
| 
1 


f ; 3 


1 
twsT te tsTiNT eS het 
STROBE 


i 
toist 7s tustor 
| t 


DATA~-IN 


ee i ne 
CLOCK=(TPA) | | ! 


cs 


! 
WR/RE=(MRD) | | | 


I { 
MEMORY SPACE 
| 


RD/WE=(MWR) — trwoL se 
\ 


RD/WE=(MRD) | 


t 
1/0 SPACE 


WR/RE=(TPB) | | 


! 
=o r—tHaTpB 


VALID PORT ADDR\, 
RAI/RAO (Mato owt! APPR) 


| t ' 
r—1- tA DA h——=- tH ADOH 


DATA BUS 


Fig. 5 - Input mode timing waveforms. 
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Fig. 4 - Interrupt signal propagation delay time test circuit and waveforms. 
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CDP1851, CDP1851C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, 
ty, te = 20 ns, Vip = 0.7 Vpp; Vit = 9.3 Vpp, CL = 100 pF 


CDP1851 CDP1851C UNITS 


egos 
Output Mode see Figs. 4 and 6 


Minimum Setup Times: 5 75 1S 
Chip Select to CLOCK 10 

120 120 

MRAM cuted elckalalclt 
120 120 
[wae cox ma | w | -| | » || ~ | ~ 
5 75 75 
frswosownre: tw | | -| | wo || | 
5 80 120 120 
[onsswownre: tow | | -| | ow | -| -| — 
Minimum Hold Times: 5 75 120 75 120 
Chip Select After CLOCK tHCSCL eet ete tet e i= 


CHARACTERISTIC 


75 ”) 

Address After WRITE * tHAW 10 — z 
oO 

75 O Ww 

Data Bus After WRITE * tHDW 10 = a a 
Propagation Delay Times: rT 
oO. 


WRITE * to Data Out twDO 


WRITE * to INT tWINT 


WRITE * to RDY 


525 350 
275 = 
300 
150 

20 


STROBE to INT 


400 400 
200 = 
HE Pikhite = 


STROBE to RDY 
Minimum Pulse Widths: 


3 
2 
2 


50 
50 
75 
00 
00 
60 
30 
75 
40 
00 
50 
0 


CLOCK tWCL 
150 150 
id bse 
175 275 175 
_ ~B ERE Rk 


* WRITE is the overlap of RD/WE = 0 and WR/RE = 1. 
*Typical values are for Ta = 25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 


CDP1851, CDP1851C 


— et ! 
STROBE a WEE _ 


| 
tucscL—"1 a 
| 
| 


“i tesch 
be tweet —++-twoo 


| 
MEMORY SPACE 
| 
I 
| 


RD/WE = (MWR) | | 


i ' % 


| 
WR/RE = (TPB) | | 


I/O SPACE | 


| { 
| | 
5 eee — trweit— | | 
RD/WE = (MRD) | | | | | 


| 
r—taw—! —a tHaw 


RAI /RAO va Fen ADDR \ 


[ 
pea sme ning 
DATA BUS he VALID DATA ¥ 


x 92CM- 31920 
WRITE IS THE OVERLAP OF WR/RE=! AND RD/WE =O 


Fig. 6 - Output mode timing waveforms. 


4-16 


m Ss CDP1852 
Pre Prsrr CDP1852C 


February 1992 Byte-Wide Input/Output Port 
Features Description 

e Static Silicon-Gate CMOS Circuitry The CDP1852 and CDP1852C are parallel, 8 bit, mode-pro- 
. grammable input/output ports. They are compatible and will 
* Parallel 8 Bit Data Register and Buffer interface directly with CDP1800-series microprocessors. They 
¢ Handshaking Via Service Request Flip-Flop are also useful as 8 bit address latches when used with the 
CDP1800 multiplexed address bus and as I/O ports in general- 

¢ Low Quiescent and Operating Power purpose applications. 
e Interfaces Directly with CDP1800-Series The mode control is used to program the device as an input port 
Microprocessors (mode = 0) or as an output port (mode = 1). The SR/SR output 
° Sinale Volt S I can be used as a signal to indicate when data is ready to be 
ngie vollage SUPP transferred. In the input mode, a peripheral device can strobe 
e Full Military Temperature Range (-55°C to +125°C) data into the CDP1852, and microprocessor can read that data 


by device selection. In the output mode, a microprocessor 
ee _ strobes data into the CDP 1852, and handshaking is established 
Ordering Information with a peripheral device when the CDP1852 is deselected. 


Sow | we 
-40°C to +85°C |CDP1852CE |CDP1852E 
CDP1852CEX |CDP1852EX 


In the input mode, data at the data-in terminals (D10-D17) is 
strobed into the port’s 8 bit register by a high (1) level on the 
clock line. The negative high-to-low transition of the clock 
latches the data in the register and sets the service request out- 
put low (SR/SR = 0). When CS1/CS1 and CS2 are high (CS1/ 
CS1 and CS2 = 1), the 3-state output drivers are enabled and 
data in the 8-bit register appear at the data-out terminals (DOO- 
D07). When either CS1/CS1 or CS2 goes low (CS1/CS1 or CS2 
= 0), the data-out terminals are tristated and the service request 
output returns high (SR/SR =1). 


TEMPERATURE 
RANGE 


Plastic DIP 


Burn-in 


In the output mode, the output drivers are enabled at all times. 
Data at the data-in terminals (D10-D17) is strobed into the 8 bit 
register when CS1/CS1 is low (CS1/CS1 = 0) and CS2 and the 
clock are high (1), and are present at the data-out terminals 
(D00-D07). The negative high-to-low transition of the clock 


-40°C to +85°C 1 1CDP1852CD |CDP1852D 
CDP1852CD3 |CDP1852D3 
latches the data in the register. The SR/SR output_goes high 
(SR/SR = 1) when the device is deselected (CS1/CS1 = 1 or 


* Respective specifications are included at the end of this data CS2 = 0) and returns low (SR/SR = 0) on the following trailing 
sheet. edge of the clock. 


PERIPHERALS 


Ceramic DIP 


Pinout Typical CDP1802 Microprocessor System 
24-LEAD DIP 
TOP VIEW 


rh 
aie 


a io 
ae ws eer emma 
cpu. [ SscOSCi—»¥~—Ivo 
| corigoe [| inteRaupT “| coPies2 


BIDIRECTIONAL DATA BUS 


DOS 
DI4 


CLEAR 
cs2 
FIGURE 1. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1166.1 


Copyright © Harris Corporation 1992 4-17 


Specifications CDP1852, CDP1852C 


A CLEAR control is provided for resetting mended operating voltage range of 4 to 6.5 
the port’s register (DO0-D07 = 0) and ser- volts. 

vice request flip-flop (input mode: SR/ The CDP1852 and CDP1852C are supplied 
SR=1 and output mode. SR/SR=0) in 24-lead, hermetic, dual-in-line ceramic 
The CDP1852 is functionally identical to packages (D suffix), in 24-lead dual-in-line 
the CDP1852C. The CDP1852 has a recom- plastic packages (E suffix). The CDP1852C 
mended operating voltage range of 4to 10.5 is also available in chip form (H suffix). 


volts, and the CDP1852C has a recom- 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal 


CDP IBS sagas stn oe eae wel Oe ae Heh Wed ea eres Be bl ate pas pakoemeneaee es -05to+11V 
COPTB52C 26 neon bi kwices.. ee ete wy, Oper Td Ses YO Sus Gee ae WEN SA eee Cees wid -O05to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS... ... cece ck ccc ce cnet -05 to Vpp + 0.5 V 
DOINPUT CURRENT, ANYONE INPUT. ¢.¢o55 b6Faucn Se deeds tate tae eae Ge eee ens +10 mA 
POWER DISSIPATION PER PACKAGE (Pp) 
FOorlg==40'to 60°C (PACKAGE TYPE EE). Actades ids citeet Reb ecead thant beens 500 mW 
For Ta = + 60 to + 85°C (PACKAGE TYPE E)............ Derate Linearly at 12 mW/°C to 200 mW 
FOr Ta =00-10:4-:100"-C (PACKAGE TYPED) .9.4csu.¢veacy oaths daa ckk ee eden adios 500 mW 
For Ta = + 100 to + 125°C (PACKAGE TYPE D):......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............... 100 mW 
OPERATING-TEMPERATURE RANGE (Ta) 
PACKAGE TYPES DAF vyse wie: Gig Bae \ateoes Sek haw ee-s tan he tats ieaecaeess =55 to 125° © 
PACKAGE VPE.B ssecre nad vena eduaueeeeeiaas, Heke erase ie ca wee Ree -40 to + 85°C 
STORAGE TEMPERATURE RANGE (Vsig) #i0setsccseeteeced Sev eesusbavausad setae -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING) 
At distance 1/16 + 1/32 inch (1 59 + 0 79 mm) from case for 10 Ss max ...............404. + 265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = Full Package Temperature Range. 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 


CHARACTERISTIC UNITS 


STATE 
OUTPUT 


+ DATA 
REGISTER DRIVERS 


* POLARITY DEPENDS ON MODE 
MODE O} MODE | 


be |r | sr_| 92CS~ 27574R\ 


Fig 2 - Block diagram of CDP1852. 
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Specifications CDP1852, CDP1852C 


CSI/CSI 


O 

e 
SERVICE 
REQUEST 
LATCH 


STVusaHdlddd 
SOW) 


DO7 
| 


92CL-31293RI 


anor 
cee 


t 


i 


Fig 3 - CDP1852 logic diagram 


- 
ears (so eee ae 


Baal eae fic 
L_ 


© me 
DI7 
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= pu 
wy 
o]o 2 6 


a 
4 
~ 

Cc 
® 
he 
_ 
a 
O 
x 
= 
op) 
— 


_— 
®o c 
= 2 
k. «© 
Q 5s 
c O 
ie 
Io 
- 5 
ao 
~~ Y 
> id 
O 


Low Level, Voit 
Output Voltage 

High Level, Vou 
Input Low Voltage, 


Current, loo 
Output Low Drive 


Vit 


STATIC ELECTRICAL SS ONGIneNS at Ta = — 40 to + 85°C 
Input High Voltage, 


CHARACTERISTIC 
Quiescent Device 
Output Voltage 


Specifications CDP1852, CDP1852C 


STATIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C (Cont'd) 
CONDITIONS 
CHARACTERISTIC 


Input Current, 


lin 
3-State Output 
Leakage Current, 


lout 
Operating 

Current, Ibo: 
Input 


“Typical values are for Ta = 25°C and nominal Vop. 

Tlo. = lon = 1 WA 

tOperating current is measured at 2 MHz in an CDP1802 system with open outputs and a 
program of 6N55, 6NAA, 6N55, 6NAA, ------ 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = - 40 to + 85°C, Von = + 5%, 
t,, tt = 20 ns, Vin = 0.7 Voo, Vii = 0.3 Von, C. = 100 pF, and 1 TTL Load 


CHARACTERISTIC ae LIMITS UNITS 


[| Min. | Typ | Max. | 
MODE 0 — Input Port (Fig. 4) 


Minimum Select Pulse Width, tsw 180 
innn eee Lo |= | ae | 
Minimum Write Pulse Width, tww 
HmMEir 
Minimum Clear Pulse Width, tere 
AB EIEe 
ate 
Propagation Delay Times, tein, text: 5 30 185 370 
Select to Data Outt, tspo 
Clear to SR, Trsr 5 170 340 
pio | — | 6 | 
110 220 
BME 
pio | = | oo | ia 
i 


+Minimum value is measured from CS2, maximum value is measured from CS1/CS1 
*Typical values are for Ta = 25°C and nominal! Vop 


Clock to SR, tcsr 


—_— 
Be 


Select to SR, tssr 


INPUT PORT MODE 0 — TYPICAL OPERATION 


General Operation strobe’s trailing edge via the SR output line. 


When the mode control is tied to VSS, the The CDP1802 then issues an input instruc- 
CDP1852 becomes an input port. In this tion that enables the CDP1852 to place the 
mode, the peripheral device places data information from the peripheral device on 
into the CDP1852 with a strobe pulse and the data bus to be entered into a memory 
the CDP1852 signals the microprocessor location and the accumulator of the 
that data is ready to be transferred on the microprocessor. 
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CDP1852, CDP1852C 


csi-cs2 = 
CLOCK ww 


DATA IN 


OATA BUS 


SR trsp tesR 


CLEAR 'cLR 


% CSI-CS2 IS THE OVERLAP OF CSi#I AND CS2*} 


MODE 0 TRUTH TABLE 


1CS1 CS2 CS1 1CS2 1 


SERVICE REQUEST TRUTH TABLE 


CLOCK CS1 or CS2 
+ or CLEAR ai 


SR/SR O SR/SR 1 


92CM- 31292R2 


Fig 4- MODE 0 input port timing waveforms and truth tables. 


MEMORY CDPI802 


ADDRESS 


CDPI852 


STROBE 


DATA FROM 
PERIPHERAL 


DATA BUS 
STROBE 
PERIPHERAL DEVICE 
PERIPHERAL PLACES DATA IN CDPI852 
DATA ne AND COPI852 SIGNALS 


SR/SR eal 


DATA: BUS a Ses 


VALID “ TRISTATE 


CDPI802 THAT DATA !S READY 


CDP1I802 SELECTS 
COPI852 AND DATA 

iS TRANSFERRED 

TO MEMORY AND 

THE MICROPROCCESSOR 


92CM- 33205 


Fig 5 - Input port mode 0 functional diagram and waveforms - typical operation. 


Detailed Operation (See Fig 5) 


The STROBE from the peripheral device 
places DATA into the 8-bit register of the 
CDP1852 when it goes high and latches the 
DATA on tts trailing edge The SR output is 
set low on the strobe’s trailing edge This 
output 1s connected to a flag line of the 
CDP1802 microprocessor and software 
polling will determine that the flag line has 
gone low and peripheral data is ready to be 
transferred. The CDP1802 then tssues an 
input instruction that places anN, line high. 
With the MRD line also high, the CDP1852 
is selected and its output drivers place the 
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DATA from the peripheral device on the 
DATA BUS When the CDP1802 selected 
the CDP1852, it also selected and ad- 
dressed the memory via one of the 16 inter- 
nal address registers selected by an inter- 
nal“X’ register The data from the CDP1852 
is therefore entered into the memory [Bus 
— M(R(X))] The data ts also transferred to 
the D register (accumulator) in the micro- 
processor (Bus — D). When the CDP1802’s 
execute cycle is completed, the CDP 1852 !s 
deselected by the Nx line returning low and 
its data output pins are tri-stated The SR 
output returns high 


”) 
nd 
< 
MY & 
Ot 
Sa 
em 
LJ 
a. 


Specifications CDP1852, CDP1852C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = —40 to + 85°C, Vpn = + 5%, 
tr, tt = 20 ns, Vin = 0.7 Vop, Vin = 0.3 Vop, CL = 100 pF, and 1 TTL Load 


Vop LIMITS 
(V 


CHARACTERISTIC 


Propagation Delay Times, tein, text 
Clear to Data Out, troo 
Write to Data Out, twoo 
Data In to Data Out, topo 
Clear to SR, trsr 


Clock to SR, tcsr 


Select to SR, tssr 


“Typical values are for Ta = 25°C and nominal Vpp 


| Min. | Typ. 


OUTPUT PORT MODE 1 — TYPICAL OPERATION 


General Operation 


Connecting the mode control to Vop config- 
ures the CDP1852 as an output port. The 
output drivers are always on in this mode, 
so any data in the 8-bit register will be pres- 
ent at the data-out lines when the CDP1852 
is selected. The N line and MRD connec- 
tions between the CDP1852 and CDP1802 
remain the same as in the input mode con- 
figuration, but now the clock input of the 
CDP1852 is tied to the TPB output of the 
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CDP1802 and the SR output of the 
CDP 1852 will be used to signal the periph- 
eral device that valid data is present on its 
input lines The microprocessor issues an 
output instruction, and data from the mem- 
ory 1s strobed into the CDP1852 with the 
TPB pulse When the CDP1852 is de- 
selected, the SR output goes high to signal 
the peripheral device. 


CDP1852, CDP1852C 


A 
tww 


* 
csi cs2 ae 
DH 


t 
CLOCK i, ps | 
oun WX XX 


\ 
t 


CLEAR 
‘CLR 


%CSi CS2 IS THE OVERLAP OF CSI=O ANDCS2= 1 
A WRITE 1S THE OVERLAP OF CS! CS2 AND CLOCK SERVICE RE 


MODE 1 TRUTH TABLE 


CLOCK | 'CS1-CS2 | CLEAR | Data Out Equals 


+CS1 CS2 CS1 0cS2 1 
92CM- 31295RI 


Fig 6 - MODE 7 output port timing waveforms and truth tables 


MEMORY CDPI802 


CDPI852 
Nx cs2 


MRD 
TPB 


IS R 


DATA BUS 


TPB ra 


tcSR 


QUEST TRUTH TABLE 


aoe Rha le |_sasn 1 |sisa_o 
re 
a [Tata tate] 


DATA OUT TO 
PERIPHERAL DEVICE 


SIGNAL_THAT 
INDICATES DATA 
EADY 


COPI852 IS SELECTED 


AND DATA IS 
STROBED INTO 
IT'S REGISTER 
WITH TPB 


DATA TO 
PERIPHERAL 
DEVICE 


SR/SR 


DATA VALID =a 
BUS DATA 
\ 


DATA IS OUTPUTTED 
FROM THE CDPI852 


DEVICE IS SIGNALED 


92CM-33204 


Fig 7 - Output port mode 17 functional diagram and waveforms - typical operation 


Detailed Operation (See Fig 7) 


The CDP1802 issues an output instruction 
The Nx line goes high and the MRD line 
goes low. The memory is accessed M(R(X)) 
— BUS and places data on the DATA BUS. 
This data are strobed into the 8-bit register 
of the CDP1852 when TPB goes hich and 
latched on the TPB’s trailing edge. The 


valid data thus appears on the CDP1852 
output lines When the CDP1802 output in- 
struction cycle is complete, the N, line goes 
low and the SR output goes high. SR will 
remain high until the trailing edge of the 
next TPB pulse, when it will return low. 


AND THE PERIPHERAL 


CMOS 
PERIPHERALS 


CDP1852, CDP1852C 


Ne-— ——e 
SR ees 


92CM- 31293Ri 


Fig. 8 - Execution of a “65” output instruction showing momentary selection of input port “D”. 


Application Information 


In a CDP1800 series microprocessor-based 
system where MRD is used to distinguish 
between INP and OUT instructions, an INP 
instruction is assumed to occur at the be- 
ginning of every !/O cycle because MRD 
starts high. Therefore, at the start of an 
OUT instruction, which uses the same 3-bit 
N code as that used for selection of an input 
port, the input device is selected for a short 
time (see Fig. 8). This condition forces SR 
low and sets the internal SR latch (see Fig. 
3). In a small system with unique N codes 


{ 
OUTPUT ee aan: ee ee sar eee 


# ouTPUT ENABLED WHEN EN= HIGH 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG 1) 


92cs-29024 


Fig. 9 - CDP1853 timing waveforms. 
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for inputs and outputs, this situation does 
not arise. Using the CDP1853 N-bit decoder 
or equivalent logic to decode the N lines 
after TPA prevents dual selection in larger 
systems (see Fig. 9 and Fig. 10). 


92CcS~29022 


Fig. 10 - CDP1853 functional diagram. 
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Features 


Pinout 


CSUCSI 


Static Silicon-Gate CMOS Circuitry 


Parallel 8-Bit Data Register and 


Buffer 


Handshaking Via Service Request 
Flip-Flop 


Low Quiescent and Operating Power 


Interfaces Directly with CDP1800- 
Series Microprocessors 


Single Voltage Supply 


Full Military Temperature Range 
(-55°C to +125°C) 


24-LEAD DIP 
TOP VIEW 


MODE | 2| 
DIO} 3 | 
DOO | 4| 
pi [5 
p01 [6 | 
pI2 
Do2 [8 | 
DI3 [9 | 
DOS |10) 


CLOCK 111] 


CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper |.C. Handling Procedures. 


Vss 
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CDP1852/3 
CDP1852C/3 


High-Reliability Byte-Wide Input/Output Port 


Description 


The CDP1852/3 and CDP1852C/3 are parallel, 8-bit, mode-programmable input/output 
ports. They are compatible and will interface directly with CDP1800-series microproces- 
sors. They are also useful as 8 bit address latches when used with the CDP1800 multi- 
plexed address bus and as I/O ports in general-purpose applications. 


The mode control ts used to program the device as an input port (mode = 0) or as an out- 
put port (mode = 1). The SR/SR output can be used as a signal to indicate when data is 
ready to be transferred. In the input mode, a peripheral device can strobe data into the 
CDP1852/3, and microprocessor can read that data by device selection. In the output 
mode, a microprocessor strobes data into the CDP 1852/3, and handshaking is estab- 
lished with a peripheral device when the CDP1852/3 is deselected. 


In the input mode, data at the data-in terminals (D10-D17) is strobed into the port's 8-bit 
register by a high (1) level on the clock line. The negative high-to-low transition of the 
clock latches the data in the register and sets the service request output low (SR/SR = 
0). When CS1/CS1 and CS2 are high (CS1/CS1 and CS2 = 1), the 3-state output drivers 
are enabled and data in the 8-bit register appear at the data-out terminals (D00-D07). 
When either CS1/CS1 or CS2 goes low (CS1/CS1 or CS2 = 0), the data-out terminals 
are tristated and the service request output returns high (SR/SR =1). 


In the output mode, the output drivers are enabled at all times. Data at the data-in termi- 
nals (D10-D17) is strobed into the 8 bit register when CS1/CS1 is low (CS1/CS1 = 0) and 
CS2 and the clock are high (1), and are present at the data-out terminals (D00-D07). The 
negative high-to-low transition of the clock latches the data in the register. The SR/SR 
output goes high (SR/SR = 1) when the device is deselected (CS1/CS1 = 1 or CS2 = 0) 
and returns low (SR/SR = 0) on the following trailing edge of the clock. 


A CLEAR control is provided for resetting the port's register (DO0-DO7 = 0) and service 
request flip-flop (input mode: SR/SR = 1 and output mode: SR/SR = 0). 


The CDP 1852/3 is functionally identical to the CDP 1852C/3. The CDP 1852/3 has a rec- 
ommended operating voltage range of 4 to 10.5 volts, and the CDP1852C/3 has a rec- 
ommended operating voltage range of 4 to 6.5 volts. 


The CDP1852/3 and CDP1852C/3 are supplied in 24-lead, dual-in-line side-brazed 
ceramic packages (D suffix) that conforms to the requirements and dimensions specified 
in MIL-38510 Case Outline D-3. 


Block Diagram of CDP1852/3 


——- 1 


csvcsi" DEVICE CONTROL] 23 
a SELECT  eaie SR/SR™ 
cs2 DECODE i] 
MODE 24__Vop 
CLOCK oy. 
CLEAR 14 
DIO RESET CLOCK ENABLE DOO 
DI1 Dpo1 
Di2 Z DO2 
DI3 9 8 BIT THREE- Q 
STATE DO3 
pi4 16 DATA OUTPUT DO4 
Dis 18 REGISTER DRIVERS DOS 
DI6 _20 DO6 
DI7 _22 DO7 


* POLARITY DEPENDS ON MODE 


| MODE =0_| MODE =1 | 
Pi {__csi_ | csi_ 
ps |_ Sash 


FIGURE 1. 
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Specifications CDP1852/3, CDP1852C/3 


© 
R SERVICE 
al c REQUEST 
LATCH 
CLEAR 
O | >° 


CLOCK 
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FIGURE 2. CDP1852/3 LOGIC DIAGRAM 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 

(All Voltages Referenced to Vsg Terminal) T, = Full Package Temperature Range 
COP 1852/3. cisco aad oe ke HAO Seip ee een —0.5V to +11V (All Package Typ@S)....... 0... 2c cece eee eee ees 100mW 
ODP tB02cG/S sceutieele neuer ie suet eee een eee -0.5V to+7V Operating Temperature Range (T,): 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V Package lye Dg svaccte wend eedes anes —55°C to +125°C 
DC Input Current, any One Input...................000 ee +10mA Storage Temperature Range (Tyg) ....-------- —65°C to +150°C 
Power Dissipation Per Package (Pp) Lead Temperature (During Soldering): 

Ta = —55°C to +100°C (Package Type D)............. 500mW At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 

Ta = +100°C to +125°C (Package Type D).... Derate Linearly at from case for 10S Max... 2.6... eee eee eee eee +265°C 

12mW/°C to 200mW 


Recommended Operating Conditions T, = Fult-Package Temperature Range. For maximum reliability, operating 
conditions should be selected so that operation is always within the following ranges. 


Vv 


LIMITS | 

re. ee CC 
CHARACTERISTIC pMIN  f MAK po MIN, | MAK 

DC Operating Voltage Range ae a 


Input Voltage Range 
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Specifications CDP1852/3, CDP1852C/3 


Static Electrical Characteristics Vj, = 0 or Vop, Except as Noted 


SYMBOL 


LIMITS 
-§5°C, +25°C 


+125°C 


CHARACTERISTIC TEST CONDITIONS 


Cc 


Tn 


NITS 


< < 
oO [=] 
Oo o 
Ut " 
ra 3S 
<|S|< 
Sa Coe Eo 
iT] tt 
<3 ed 
PIX) 
wo} P| o 
(ee) [ee) 
< < 


() oh _—h 


Voo = 10V, Vin = OV 
= 5V, Vin = 5V 


Vop = 5V, Vo = OV 


oO 
Oo 


p 
NOTES: 


1. The CDP1852C/3 meets all 5 volt Static Electrical Characteristics 2. Input and Output Capacitance are guaranteed but not tested. 
of the CDP 1852/3 except +125°C Quiescent Device Current for 
which the limit is Ipp = 300pA. 


Static Burn-in Circuit 


CDP1852C/3 +125°C 160 Hrs. Min. 
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Specifications CDP1852/3, CDP1852C/3 


Dynamic Electrical Characteristics Mode = 0 Input Port, See Figure 3, Input tr, tf < 15ns; C, = 50pF 


LIMITS* 
CHARACTERISTIC SYMBOL VOLTS 


 areges-sunrstensnl ed 
roe Rall 
miciemicarenaale Mall 
Se ceaitiea-ncunmmmcs cial 


Propagation Delay Times: 
Clear to SR 


NOTE: 1. Time required by a device to allow for the indicated function. 


—55°C, +25°C +125°C 


(Note 1) 
MIN 


3 


Clock to SR 


110 
175 


Deselect to SR 


oO 
o 


* 
CSi°cs2 -* 


CLOCK tww 


sida Ce > ae 


Ds 
— . 'SSR 
"= "RSR ‘csr 


CLEAR ‘cr 


% CSI-CS2 IS THE OVERLAP OF CSI *1 AND CS2=| 


a. ee High Impedance 

aC eal a ee | ae 
a ae | tt [Datatatch 
been cal |X |Datain | «[SRSR=0 0 SRSR=1 
NOTE: 1. CS1-CS2=CS1 = 1, CS2= 1 


FIGURE 3. MODE = 0 INPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 


SERVICE REQUEST 
TRUTH TABLE 


Clock CS1 or CS2 
~ or CLEAR 
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Specifications CDP1852/3, CDP1852C/3 


Dynamic Electrical Characteristics Mode = 1 Output Port, See Figure 4, Input tr, tf < 15ns; C, = 50pF 


Vop (Note 1) (Note 1) 
CHARACTERISTIC SYMBOL VOLTS MIN MIN UNITS 
ene TA oe sec oe oc secon x cee os 
ee ee ee ee ee ee 
Ce ee ee ee 
ee reer AO ee 
EL = ee 
Ce ee ee ee 
ee ee ee ee eee ee 
ee ee ee ee ee 
Select-After Clock-Fall Hold Time = ro | - | o | - [7s | 
Es ee ee 
Propagation Delay Times: 
Clear to Data 215 290 
Po 190 Os 
Write to Data Out fs | - | 20 | - | 350 | 1s 
| to tf 90s 
Data In to Data Out aE 200 | ons 
Ee ee 
Clear to SR [5 | - | ws | - | 240 | 1s | 
Es 
Clock to SR torn [| 5 | - | 70 | - | 240 | ns | 
Cs Se ee ee ee 
Deselect to SR pe Pe 7o | - | 240 7 ons | 
a Se ee ee 


NOTE: 1. Time required by a device to allow for the indicated function. 


A 
'ww 
vs 
ton 
CLOCK = 
cram XXX 
alo wl] eet OR MD, GD, 
i | 
se nee 
LS tcsr 
CLEAR 


'CLR 


% CSI-CS2 IS THE OVERLAP OF CSI<0 ANOCS2 «| 
A WRITE 1S THE OVERLAP OF CSI-CS2 AND CLOCK 


MODE = 1 TRUTH TABLE 


CLOCK CS1-CS2 (Note 1) CLEAR DATA OUT EQUALS 


SERVICE REQUEST 
TRUTH TABLE 


CS1 Clock 


Data Latch 


Data Latch 


NOTE: 1. CS1 -CS2 =CS1 =0, CS2=1 
FIGURE 4. MODE = 1 OUTPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 
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i HARRIS 


SEMICONDUCTOR 


February 1992 


Features 


¢ Provides Direct Control of Up to 7 Input and 7 Output 
Devices 


e CHIP ENABLE (CE) Allows Easy Expansion for Multi- 
level VO Systems 


Ordering Information 
ms Tw [ow 
RANGE 
Plastic DIP -40°C to +85°C 
Ceramic DIP -40°C to +85°C 
td 


CDP1853CDX 


* Respective specifications are included at the end of this data 


Burn-in 


* 883B 


CDP1853 
CDP1853C 


N-Bit 1 of 8 Decoder 


Description 


The CDP1853 and CDP1853C are 1 of 8 decoders designed for 
use in general purpose microprocessor systems. These 
devices, which are functionally identical, are specifically 
designed for use as gated N-bit decoders and interface directly 
with the 1800-series microprocessors with out additional com- 
ponents. The CDP1853 has a recommended operating voltage 
range of 4 to 10.5 volts, and the CDP1853C has a recom- 
mended operating voltage range of 4 to 6.5 volts. 


When CHIP ENABLE (CE) is high, the selected output will be 
true (high) from the trailing edge of CLOCK A (high-to-low tran- 
sition) to the trailing edge of CLOCK B (high-to-low transition). 
All outputs will be low when the device is not selected (CE = 0) 
and during conditions of CLOCK A and CLOCK B as shown in 
Figure 2. The CDP1853 inputs NO, N1, N2, CLOCK A, and 
CLOCK B are connected to an 1800-series microprocessor out- 
puts NO, N1, N2, TPA, and TPB respectively, when used to 
decode I/O commands as shown in Figure 5. The CHIP 
ENABLE (CE) input provides the capability for multiple levels of 
decoding as shown in Figure 6. 


The CDP1853 can also be used as a general 1 of 8 decoder for 
I/O and memory system applications as shown in Figure 4. 


sheet. The CDP1853 and CDP1853C are supplied in hermetic 16-lead 
dual-in-line ceramic (D suffix) and plastic (E suffix) packages. 
Pinout CDP1853 Functional Diagram TRUTH TABLE 
16-LEAD DIP 


TOP VIEW 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


DECODER 


4 
5 
6 
7 


12 


1 = High level, 0 = Low level, X = Don’t care 
* Qn-1 = Enable remains in previous state. 


File Number 1189.1 
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Specifications CDP1853, CDP1853C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vip) 
(All voltage values referenced to Voss terminal 


COP1S53: “adh aa. Hic eeGes” KASD PEEWT eRe RO Shoes ews Nee —0.5to+11V 
CDPUSSSC Be eich Res CaP ESE SE GW Le NE RHE Be IO Se oe ee —0.5to+7V 
INPUT VOLTAGE RANGE, ALLINPUTS ......... 2.0200 cece nce eee eens —0.5 to Vpp + 0.5 V 
DC INPUT CURRENT,-ANY ONE INPUT i: soc.25 cae “See Seeing wena Rae bw ee acea es +10 mA’ 
OPERATING-TEMPERATURE RANGE (Ta): 
CERAMIC PACKAGES (D SUFFIX TYPES) .........0 cee eee eee eee eee eee —55 to + 125 °C 
PLASTIC PACKAGES (E SUFFIX TYPES) ER. Lace ter “SSG ae Bs em Benen I ak —40 to+85 C 


STORAGE TEMPERATURE RANGE (T —65 to + 150°C 


ee eS 


CONDITIONS LIMITS 
CDP1853 CDP1853C UNITS 


Quiescent Device | — | - | 5|- | 
current, [= [= | [= 
Output Low Drive 

(Sink) Current, ; 

loL 

Output High Drive 

(Source Current) 
lOH 
Output Voltage 
Low-Level 4 


CHARACTERISTIC 


Output Voltage 
High Level 


Operating Current 
lpp1 


t Typical values are for T a= 25°C and nominal voltage. 
* Operating current measured in a CDP1802 system at 2MHz with outputs floating. 
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Specifications CDP1853, CDP1853C 


OPERATING CONDITIONS at T AS Full Package-Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within 
the following ranges: 


LIMITS 


CDP1853 CDP1853C UNITS 


| Min.|_Max.| Min. | Max. | 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C, Vp p)=* 5%, 
Vin = 27 Vop, Viz = 9.3 Vpp- te ty = 20 ns, C, = 100 pF 


CHARACTERISTIC 


CHARACTERISTIC 
CDP1853 


Max. | Tye. | 


s 


Propagation Delay Time: 
CE to Output, teEQH: tEOL 


=| 
ol s 


N) 
o1 


N to Outputs, tou: tNOL 


Clock A to Output, t AO 
Clock B to Output, tao 


Minimum Pulse Widths: 
Clock A, TCACA 


Clock B, tcp CB 


Note 1: Maximum limits of minimum characteristics are the values above which all devices 
function. 
Note 2: Typical values are for Ta = 25°C and nominal voltages. 


'CACA 


CLOCK A "ao 


eo ee NEO OUTPUT 


ce 
c) CLOCK A TO OUTPUT (0-7) DELAY TIME 
OUTPUT 


a) CE TO OUTPUT (0-7) DELAY TIME tcacs 
N 
OUTPUT Recast ee OUTPUT 
b) N LINES TO OUTPUT (O-7) DELAY TIME d) CLOCK B TO OUTPUT (0-7) DELAY TIME 


92CM29023R1 
Fig. 2 — Propagation delay time diagrams. 


B 


c 
CHIP ENABLE 
ee ees ES es Voo CLOCKB OUT 5 
CLOCK A OUT6 
OUTPUT lee! tara) | ery One OUT 7 


* OUTPUT ENABLED WHEN EN= HIGH 32¢8-29¢2" 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG 1!) 
Trees Fig. 4 — N-bit decoder used as a 1 of 8 
Fig. 3 — Timing diagram. decoder. 
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CDP1853, CDP1853C 


CDP 1800 SERIES 


CLOCK A CLOCKB CE NO Ni N2 
CDPI853 
Ol 


2-6 7 


{ff fe | 
al be READ VIA 
cSi cs2 CSI CS2]| 6F INSTRUCTION 
CDPI852 CDPI852 
OUTPUT en INPUT 


LOAD VIA 
67 INSTRUCTION SORT? PORT 7 
DATA SR a 
AVAILABLE a 
MODE TPB a STROBE 
ke 
b= 
(=) 
5 CDPI852 INPUT AND OUTPUT PORTS 
= = READ VIA 
scien CSI CS2 | 69 INSTRUCTION 
CDPI852 cDPI852 
LOAD VIA OUTPUT INPUT 
61 INSRUCTION PORT | 
AVAILABLE 


MODE STROBE 


Yoo = clock 
Sp ee 
7 OUTPUT PORTS 7 INPUT PORTS BecMEeearon 


Fig. 5 — N-bit decoder tn a one-level 1/O system 


CMOS 
PERIPHERALS 


NOTE SYSTEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
PORTS WITH ADDITIONAL DECODING 
THE TOTAL NUMBER OF INPUT 
AND OUTPUT PORTS CAN BE 
FURTHER EXPANDED 


CDP I8QOSERIES 


NO, NI,N2 TPA TPB MRD BUS 


cS2 CDPI852 


DATA BUS 


CDP1853 
DECODED 
"61" INSTRUCTION 


INTERCONNECTED 
AS IN FIGURE 4 


I/0 
7 INPUT, 


CDPI853 
"62-6F" 


I/0 


1/0 
CDPI853 7 INPUT, 
"62-6F" 6 OUTPUT 
INST PORTS 


NO, NI, N2 


92CM 29026R! 


Fig. 6 — Two-level 1/0 using CDP1853 and CDP1852. 
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mn — CDP1853/3 
SEMICONDUCTOR CDP1853C/3 


February 1992 High-Reliability CMOS N-Bit 1 of 8 Decoder 


Features Description 


e Provides Direct Control of Up to 7 Input and 7 Out- The CDP1853/3 and CDP1853C/3 are high-reliability 1 of 8 
put Devices When used with a CDP1800-Series decoders designed for use in general purpose microprocessor 
Microprocessor systems. These devices, which are functionally identical, are 

specifically designed for use as gated N-bit decoders and 

° A cara ia Easy Expansion for interface directly with the 1800-series microprocessors without 

additional components. The CDP1853/3 has a recommended 
operating voltage range of 4 to 10.5 volts, and the CDP 1853C/3 
has a recommended operating voltage range of 4 to 6.5 volts. 


Pinout When CHIP ENABLE (CE) is high, the selected output will be 
16-LEAD DIP true (high) from the trailing edge of CLOCK A (high-to-low 
TOP VIEW transition) to the trailing edge of CLOCK B (high-to-low 


transition). All outputs will be low when the device is not 
selected (CE = 0) and during conditions of CLOCK A and 
CLOCK B as shown in Figure 2 when used with the 1800-series 
microprocessor. The CDP 1853/3 inputs NO, N1, N2, CLOCK A, 
and CLOCK B are connected to outputs NO, N1, N2, TPA, and 
TPB respectively, when used to decode I/O commands as 
shown in Figure 5. The CHIP ENABLE (CE) input provides the 
capability for multiple levels of decoding as shown in Figure 6. 


The CDP1853/3 can also be used as a general purpose 1 of 8 
decoder for I/O and memory system applications as shown in 
Figure 4. 


The CDP1853/3 and CDP1853C/3 are supplied in hermetic 
16-lead dual-in-line ceramic packages (D suffix) . 


CDP1853/3 Functional Diagram TRUTH TABLE 
 ouTo 
2 5 
NO e- OUT 1 
; OUT 2 
Ni pe 10F8 OUT3 
DECODER |12. our, 


CLOCK 
A 
(TPA) 


CLOCK 
pai 1 = High level, 0 = Low level, X = Don't care 
FIGURE 1. Qn-1 = Enable remains in previous state. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1713.1 
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Specifications CDP1853/3, CDP1853C/3 


Static Electrical Characteristics 


Quiescent Device Iss 
Current (Note 1) 
Output Low Drive 

(Sink) Current 


oO 
BAN 


flO 
Oyu 


Output High Drive | : 
(Source) Current 


Output Voltage 0 


S 
9 


— ie} 
(le) Nn 
Ro ie) 


Low-Level 


lou 
OH 
(Note 2) 
Output Voltage 
High-Level (Note 2) 
Input Low Voltage 
1H 
he 


S 
= 


0, 


_ 
oO 


0.8, 4. 


0.8, 4. 


Input High Voltage 
Input Leakage Low es 
Input Leakage High ee 


Input Capacitance Cin (Note 2) 
Output Capacitance Cour (Note 2) 
NOTES: 

1. The CDP1853C meets all 5-volt static electrical characteristics of 
the CDP1853 except quiescent device current for which the 
limits are: Igg = -500HA @ -55°C and +25°C and Igg = -1000HA 
@ +125°C. 


—_ 
oO wn 


CONDITIONS 
Vo Vin 
CHARACTERISTIC | SYMBOL (V) (Vv) (V) 


oO 


LIMITS 


-55°C, +25°C +125°C 


U 


-500 


ie] 
o>) 


et 


—_ 
© 


ule | to 
' a 
—_ Gi — 
O| fo} 4 
NM] Olio 


p 


2. Guaranted but not tested. 


Dynamic Electrical Characteristics See Figure 2, C, = 100pF, tr, tf = 15ns 


| LIMITS 
Vop 
CHARACTERISTIC SYMBOL | _(V)_f_MIN | MAX [MIN [MAX _| 
Propagation Delay Time: ee ee ee ee 
Chip Enable (CE) to Output High ee ee ee 
Disable to Output Low EEE 205 |; | 400 
ee ee 
N Input to Output pO Pn 
ee ee ee 
Clock A to Output Low p vo PS ft a | | 800 
Ce ee ee ee ee 
Clock B to Output Low aa ee ee ee 
| io | tT 200 fT - 80 
Pulse Width: tcrcca | 5 | 50 | - | 75 | 
Clock A Ee ee ee 
ee Ee eee ee ee 
Re ee ee ee 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 


should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 


Input voltage Range 
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Specifications CDP1853/3, CDP1853C/3 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 

(All Voltages Referenced to Vgg Terminal) T, = Full Package Temperature Range 
COP TESS viens ae sn Sawasdee Soba tes amen ees -0.5V to +11V (All Package Types).......... 2c. e ec ee cece eee eens 100mW 
CDOR185S3C/3 c4cicendawed es beeen eae eae ~0.5V to+7V Operating Temperature Range (Ta): 
Input Voltage Range, All inputs ............. —0.5V to Vpp +0.5V Package T¥pe-Dy 6 oii6.s eae twee eae ee ecnes —55°C to +125°C 
DC Input Current, Any One Input....................00 00 +10mA Storage Temperature Range (Tyg) ...--------- —65°C to +150°C 
Power Dissipation Per Package (Pp) Lead Temperature (During Soldering): 

T, = -55°C to +100°C (Package Type D)............. 500mW At distance 1/16 +1/32 In. (1.59 + 0.79mm) 

Ts = +100°C to +125°C (Package Type D) .... Derate Linearly at from case for 10S MAX... ....... eee cece eee eee +265°C 

12mWPC to 200mW 

Timing Diagrams 


MIN. CLOCK 8 
7 
PULSE WIDTH + ccs | 
Oty PELE, ceans caer nanasn =a | | 
| CLOCK B a ae.) enanren 


| 


T OUTPUT 0-7 
— Tuo | Teo = 


ta) N- INPUTS TO OUTPUTS DELAY TIME | 
(c) CLOCK B TO OUTPUT DELAY TIME 


MIN.CLOCKA 


PULSE WIDTH] “— TCAcA >| 
OUTPUT 0-7 
OUTPUT 0-7 | ) | 


—P| Tron —r| T * 
EOH EOL [* * To MEASURE Tao CLOCK B aa Tao — 


(b) CE TO OUTPUT DELAY TIME MUST BE TIED LOW 
(d) CLOCK A TO OUTPUT DELAY TIME 


FIGURE 2. PROPAGATION DELAY TIME DIAGRAMS 


ourpuT__J 7 . 


# Output Enabled When EN = High Internal Signal 
Shown for Reference Only (See Figure 1) 


FIGURE 3. TIMING DIAGRAM FIGURE 4. N-BIT DECODER USED AS A 1 OF 8 DECODER 
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CDP1853/3, CDP1853C/3 


NOTE SYSTEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
PORTS WITH ADDITIONAL DECODING 
THE TOTAL NUMBER OF INPUT 
AND OUTPUT PORTS CAN BE 
FURTHER EXPANDED 


COPI8O02 CPU COPI800 SERIES 


NO,NILN2 TPA TPB MRD BUS 


TPA 
COP1853 =] fi 
DECODED | 
"61" INSTRUCTION z 


TPA TPB NO NI N2 TPB MRD 


CLOCK A CLOCK B CE NO Ni N2 
COP1853 
Oo ! 2-6 7 


—j— ppt 

mx REAO VIA 

csi cs2 a CSi CS2 | 6F INSTRUCTION 
COPI8S2 CDP1852 

OUTPUT cs om INPUT 


LOAD VIA 
67 INSTRUCTION PORT 7 BORT? 
AVAILABLE oa a a 
m STROBE 
L aot 
=) 
5 CDPI852 INPUT AND OUTPUT PORTS 
er 
READ VIA 
ek be CS2 | 69 INSTRUCTION 
copiss2 
re ars 
AVAILABLE ie 
ROBE NO, NI, N2 
= CLOCK 
7 OUTPUT PORTS 7 INPUT PORTS 
Vv”) 
FIGURE 4. N-BIT DECODER IN A ONE-LEVEL I/O SYSTEM FIGURE 5. TWO-LEVEL W/O USING CDP1853 AND CDP1852 a 
gf 
s 
Ooo 
Bias/Static Burn-in Circuit Te 
Qo. 


TYPE TEMPERATURE | TIME 
COP 1B53 a CL 
ODP 16536 125° [1601S 


Vpo o 


fl 
mage 
Pct 
Pete 
Bee 


Vss ¢ 


All Resistors are 47kQ +20% 
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Go HARRIS CDP1855C 


February 1992 8-Bit Programmable Multiply/Divide Unit 
Features Description 
¢ Cascadable Up to 4 Units for 32-Bit by 32-Bit Multiply The CDP1855 and CDP1855C are CMOS 8-bit multiply/ 
or 64+-32 Bit Divide divide units which can be used to greatly increase the capa- 


: a bilities of 8-bit microprocessors. They perform multiply and 
8-Bit by 8-Bit Multiply or 166 Bit Divide in 5.618 at 5V divide operations on unsigned, binary operators. In general, 
erase auiey microprocessors do not contain multiply or divide instruc- 
Direct Interface to CDP1800-Series Microprocessors tions and even efficiently coded multiply or divide subrou- 
tines require considerable memory and execution time. 
These multiply/divide units directly interface to the 
Significantly Increases Throughput of Microprocessor CDP1800-series microprocessors via the N-lines and can 
Used for Arithmetic Calculations easily be configured to fit in either the memory or I/O space 
of other 8-bit microprocessors. 


Easy Interface to Other 8-Bit Microprocessors 


—— The multiple/divide unit is based on a method of multiplying 
Ordering Information by add and shift right operations and dividing by subtract and 
shift left operations. The device is structured to permit cas- 


rover Rie” | ; te cading identical units to handle operands up to 32 bits. 
cea The CDP1855 and CDP1855C are functionally identical. 


-40°C to +85°C They differ in that the CDP1855 has a recommended operat- 
ing voltage range of 4V to 10.5V, and the CDP1855C, a rec- 
ommended operating voltage range of 4V to 6.5V. 

-40°C to +85°C The CDP1855 and CDP1855C types are supplied in a 28- 
lead hermetic dual-in-line ceramic package (D suffix) and in 
a 28 lead dual-in-line plastic package (E suffix). The 
CDP1855C is also available in chip form (H suffix). 

Pinout Circuit Configuration 

28 LEAD DIP 


TOP VIEW sj 


CLK 
RAO 
RA1 
RA2 
STB 
RD/WE 
CDP1855 
1 YL 
ZR 


FIGURE 1. MDU ADDRESSED AS I/O DEVICE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 053 1 
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Specifications CDP1855, CDP1855C 
MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


OPN BS oy ctvasurecny ese Whe Sotadge aoa ees arab oes asp east ek Ge 4 ees GW SoS aes ood te he SR bk CES eo OHS Hae -0.5to+11V 
CDP B00C 6 rhshnien Coat nthe sad. daticaic aa loel a aan Warn caa cases aed e eee Be aes badd nae MEAG eG OTROS -0.5 to +7 V 
INPUT VOLTAGE: RANGE: ALUINPUTS <23..c45 ys tesa ia oad eked SA erls we ae WaR Tea paw Genera ss UasGeeuees’s -0.5 to Vpp +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT. 42 sie scckentocedendscces want gad aah aly See wiawe ba ed ele Nwws CRAG SAE U EU eee Maw Baa eieee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For TA = =40:10%60°'C (PACKAGE TYPE-E) wanes ou bivbccndica cia ew de dain poesunliee hee.ang 24 aeR Se od Ra eu e hea aay 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPE E)......... ccc ccc cece cece cee eset essen eeeeeeeees Derate Lineary at 12 mW/°C to 200 mW 
FOte) A =-s00 to: 100° C (PACKAGE 1YPE 0) 6 cccsuicietsiaty ee de pau cea ed oan ere cone Sala OS ta Co a Seda PUA eTA 500 mW 
For Ta = +100 to +125°C (PACKAGE TYPED) ........... ccc cece cece even eee eee eeeeceerens Derate Lineary at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...........ccceccc cece cece eee e eens een eeeeeeeeees 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PAC ISAGE TY PED estes cscase ta ee rasan Oeil eon ok ad ala we SANG ress Ge Pech AG A eT hd OS NINH AON oe al waa aes ON ea -55 to +125°C 
PACKAGE TVR Gr tang itt ct cial seins eed belies 8 ba aiasoton Ah oud e UGK Nad deew Meee ML ee aa Ae gue me ae anderen OA ee es -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) Sonne ahaa dal ane Cae ead oy Ga ds wen aw deta eles eee de ae ed aes a ae we Gow ~65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 10S MAX..... cece eee eee treet teen eee eee eee e eee eee nee +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 10%, Except as noted 


CDP1855C 


CONDITIONS LIMITS 
5 
1 


0 

5 

10 = 

10 -2.6 -5.2 ae = 

5 0.1 0.1 
HMnMHMMEEL 


Input High 
Voltage 
Input Leakage 
__Current 
3-State Output Leakage 
Current 


eTypical values are for Ta = 25°C and nominal Vpp. 
#Operating current is measured at 3.2 MHz with open outputs. 


FIOL = |OH = 1HA. 
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PERIPHERALS 


et 


CDP1855, CDP1855C 


OPERATING CONDITIONS at Ta = Full Package- Temperature Range. For maximum reliability, operating conditions should 
be selected so that operation is always within the following ranges: 


CONDITIONS LIMITS 


CDP1855 | CDP1855C 


Input Voltage Range 

Maximum Input Clock 
Frequenc 

Minimum 8 x 8 Multiply 
(16 + 8 Divide) Time 


CE RA2 RAI RAG 
REGISTER 
SELECT 
LOGIC 
SELECT CONTROL Bah 
SELECT Z SELECT STATUS 


X SEQUENCE 
ae COUNTER 
mea L 


ae a 


NJ 


x’ REGISTER 


cy 
Sc 
‘ 
ripe 


ADD/ 
SUBTRACT 


LOAD 


CLOCK 


SHIFT 
GENERATOR 


Y SEQUENCE 
COUNTER 


SAN NSE 


NSA 


Z SEQUENCE 
COUNTER 


Z REGISTER 
ee se a 
| LOAD RESET 


Res 


LIL PPLE 


eee | eee ee ee ee 
9 @ 


BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 3 2 ' oOo 
; a 2) 2!) 20) (9) (sy C7) (6) CS 
6) (2) Aon Vs5 C4) 
CLEMR 92CL - 31861 
SHIFT Vop ~@9) 


Fig. 2 - Block diagram of CDP1855 and CDP1855C. 
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CDP1855, CDP1855C 


FUNCTIONAL DESCRIPTION 


The CDP1855 is a multiply-divide unit (MDU) designed to 
be compatible with CDP1800 series microprocessor 
systems. It can, in fact, be interfaced to most 8-bit 
microprocessors (see Fig. 5) The CDP1855 performs binary 
multiply or divide operations as directed by the micro- 
processor It can do a 16N-bit by 8N-bit divide yielding an 
8N-bit result plus and 8N-bit remainder The multiply is an 
8N-bit by 8N-bit operation with a 16N-bit result The “N” 
represent the number of cascaded CDP1855’s and can be1, 
2,3 or 4 All operations require 8N + 1 shift pulses (See 
“DELAY NEEDED WITH AND WITHOUT PRESCALER” Pg 

7) 


The CDP1855 contains three registers, X, Y, and Z, which 
are loaded with the operands prior to an operation and 
contain the results at the completion In addition, the 
contro! register must be loaded to initiate a multiply or 
divide There !s also a status register which contains an 
overflow flag as shown in the “CONTROL REGISTER BIT 
ASSIGNMENT TABLE” The register address lines (RAO- 
RA1) are used to select the appropriate register for loading 
or reading The RD/WE and STB lines are used in 
conjunction with the RA lines to determine the exact MDU 
response (See “CONTROL TRUTH TABLE”) 


When multiple MDU’s are cascaded, the loading of each 
register is done sequentially. For example, the first selection 
of register X for loading loads the most significant CDP1855, 
the second loads the next significant, and so on. Registers 
are also read out sequentially This is accomplished by 
internal counters on each MDU which are decremented by 
STB during each register selection. When the counter 
matches the chip number (CN1, CNO lines), the device is 
selected. These counters must be cleared with a clear on 
pin 2 or with bit 6 tn the control word (See “CONTROL 
REGISTER BIT ASSIGNMENT TABLE”) in order to start 
each sequence of accesses with the most significant device. 


The CDP1855 has a built in clock prescaler which can be 
selected via bit 7 in the control register. The prescaler may 
be necessary in cascaded systems operating at high 
frequencies orinsystems where a Suitable clock frequency 
Is not readily available. Without the prescaler select, the 


shift frequency Is equal to the clock input frequency With- 


the prescaler selected, the rate depends on the number of 
MDU's as defined by bits 4 and 5 of the control word (See 
“CONTROL REGISTER BIT ASSIGNMENT TABLE”) 

1 For one MDU, the clock frequency ts divided by 2 

2 Fortwo MDU'’s the clock frequency is divided by 4. 

3 For3or4MDU's, the clock frequency is divided by 8 


OPERATION 


1. Initialization and Controls 


The CDP1855 must be cleared by a low on pin 2 during 
power-on which prevents Dus contention problems at the 
YL, YR and Z,, ZR terminals and also resets the sequence 
counters and the shift pulse generator 


Prior to loading any other registers the control register must 
be loaded to specify the number of MDU’s being used (See 
“CONTROL REGISTER BIT ASSIGNMENT TABLE”) 


Once the number of devices has been specified and the 
sequence counters cleared with a clear pulse or bit 6 of the 
control word, the X, Y, and Z registers can be loaded as 
defined in the “CONTROL TRUTH TABLE” All bytes of the 
X register can be loaded, thenall bytes of the Y, and then ail 
bytes of the Z, or they can be loaded randomly Succcessive 
loads to a given register will always proceed sequentially 
from the most significant byte to the least significant byte, 
as previously described Resetting the sequence counters 
select the most significant MDU In a four MDU system, 
loading all MDU’s results in the sequence counter pointing 
to the first MDU again In all other configurations (1, 2, or3 
MDU’s), the sequence counter must be reset prior to each 
series of register reads or writes 


2. Divide Operation 


For the divide operation, the divisor is loaded tn the X 
register The dividend Is loaded tn the Y and Z registers with 
the more significant half in the Y register and the less 
significant half in the Z register These registers may be 
loaded in any order, and after loading ts completed, a 
control word ts loaded to specify a divide operation and the 
number of MDU’s and also to reset the sequence counters 
and Y or Z register and select the clock option !f desired 
Clearing the sequence counters with bit 6 will set the MDU’s 
up for reading the results 


The X register will be unaltered by the operation The 
quotient will be in the Z register while the remainder will be 
in the Y register An overflow will be indicated by the 
C.0./0.F. of the most significant MDU and can also be 
determined by reading the status byte 


While the CDP1855 ts specified to perform 16 by 8-bit 
divides, if the quotient of a divide operation exceeds the size 
of the Z register(s) (8N-bits - where N is the number of 


cascaded CDP1855’s) the overflow bit in the Status Register 
will be set Neither the quotient in Z nor the remainder in Y 
will represent a valid answer This will always be the result 
of a division performed when the divisor (X) 1s equal to or 
less than the most significant 8N-bits of the dividend (Y) 


The MDU can still be used for such computations if the 
divide is done in two steps The dividend Is split into two 
parts—the more significant 8N-bits and the less significant 
8N-bits—and a divide done on each part Each step yields 
an 8N-bit result for a total quotient of 16N-bits 


The first step consists of dividing the more significant 8N- 
bits by the divisor Thists done by clearing the Y register(s), 
loading the Z register(s) with the more significant 8N-bits of 
the dividend, and loading the X register(s) with the divisor. 
A division is performed and the resultant value in 2 
represents the more significant 8N-bits of the final quotient 
The Z register(s) value must be unloaded and saved by the 
processor 


A second division is performed using the remainder from 
the first division (in Y) as the more significant 8N-bits of the 
dividend and the less significant half of the original dividend 
loaded into the Zregister The divisor in X remains unaltered 
andis, by definition, larger than the remainder from the first 
division which isin Y The resulting value in Z becomes the 
less significant 8N-bits of the final quotient and the value in 
Y is, as usual, the remainder. 


Extending this technique to more steps allows division of 
any size number by an 8N-bit divisor. 


Note that division by zero 1s never permitted and must be 
tested for and handled in software 


The following example illustrates the use of this algorithm 


Example: 
Assume three MDU'’s capable of a by 24-bit division. The 
problem ts to divide 00F273,491C06H by 0003B4H 


Step 1 000000 


Y Z(MS) x Z1 Y1 
Step 2. O001BF , 491C06 / 0003B4 = 78C936 R=00000E 

Y1 Z(LS) xX Z2 Y2 
Result’ 000041 , 78C936 R=00000E 

Z1 Z2 Y2 
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OOF273 / 0003B4 = 000041 R=0001BF 
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OPERATION (Cont'd) 


The Z register can simply be reset using bit 2 of the control 
word and another divide can be done in order to further 
divide the remainder. 


3. Multiply Operation 


For a multiply operation the two numbers to be multiplied 
are loaded in the X and Z registers. The result is in the Y and 


Z register with Y being the more significant half and Z the 
less significant half The X register will be unchanged after 
the operation 1s completed 


The original contents of the Y register are added to the 
product of X and Z Bit 3 of the control word will reset 
register Y to 0 1f desired 


FUNCTIONAL DESCRIPTION OF CDP1855 TERMINALS 


CE - CHIP ENABLE (input): 


A high on this pin enables the CDP1855 MDU to respond to 
the select lines. All cascaded MDU’s must be enabled 
together. CE also controls the tristate C.0./O.F., output of 
the most significant MDU. 


CLEAR (input): 


The CDP1855 MDU(s) must be cleared upon power-on with 
a low-on this pin. The clear signal resets the sequence 
counters, the shift pulse generator, and bits 0 and 1 of the 
control register. 


CTL — CONTROL (input): 


This is aninput pin. All CTL pins must be wired together and 
to the Y,_ of the most significant CDP1855 MDU and to the 
ZR of the least significant CDP1855 MDU. This signal is 
used to indicate whether the registers are to be operated on 
or only shifted. 


C.0./0.F. — CARRY OUT/OVER FLOW (Output): 


This is a tristate output pin. It_is the CDP1855 Carry Out 
signal and is connected to Cl (CARRY-IN) of the next more 
significant CDP1855 MDU, except for on the most significant 
MDU. On that MDUit is an overflow indicator and is enabled 
when chip enables is true. A low on this pin indicates that an 
overflow has occured. The overflow signal is latched each 
time the control register is loaded, but is only meaningful 
after a divide command. 


YL, YR — Y-LEFT, Y-RIGHT: 


These are tristate bi-directional pins for data transfer 
between the Y registers of cascaded CDP1855 MDU’s. The 
YR pinis an output and Y, is an input during a multiply and 
the reverse is true at all other times. The YL pin must be 
connected to the Yr pin of the next more significant MDU. 
An exception is that the YL pin of the most significant 
CDP1855 MDU must be connected to the ZR pin of the least 
significant MDU and to the CTL pins of all MDU’s. Also the 
YR pin of the least significant MDU is tiexd to the Z,_ pin of 
the most significant MDU. 


ZL, ZR — Z-LEFT, Z-RIGHT: 


These are tristate bi-directional pins for data transfers 
between the “Z” registers of cascaded MDU'’s. The Zp pinis 
an output and Z, is an input during a multiply and the 
reverse is true at all other times. The Z, pin must be tied to 
the Yr pin of the next more significant MDU. An exception 
is that the ZL pin of the most significant MDU must be 
connected to the YR pin of the least significant MDU. Also, 
the Zp pin of the least significant MDU is tied to the Y__ of the 
most significant MDU. 


SHIFT — SHIFT CLOCK: 


This is a tristate bi-directional pin. It is an output on the 
most significant MDU. And an input on all other MDU’s. It 
provides the MDU system timing pulses. All SHIFT pins 
must be connected together for cascaded operation. A 
maximum of the 8N +1 shifts are required for an operation 
where “N” equals the number of MDU devices that are 
cascaded. 


CLK — CLOCK (Input): 


This pin should be grounded on all but the most significant 
MDU. There ts an optional reduction of clock frequency 
available on this pin if so desired, controlled by bit 7 of the 
control byte 


STB — STROBE (Input): 


When RD/WE is low data ts latched from bus lines on the 
falling edge of this signal It may be asynchronous to the 
clock. Strobe also increments the selected register’s 
sequence counter during reads and writes TPB would be 
used in CDP1800 systems 


RD/WE — READ/WRITE ENABLE (Input): 


This signal defines whether the selected register is to be 
read from or written to. In 1800 systems use MRD if MDU’s 
are addressed as !/O devices, MWR is used if MDU’s are 
addressed as memory devices 


RA2, RA1, RAO — REGISTER ADDRESS (Input): 


These input signals define which register is to be read from 
or written to It can be seen in the “CONTROL TRUTH 
TABLE” that RA2 can be used as a. chip enable It is 
identifical to the CE pin, except only CE controls the tristate 
C O/0.F.on the most significant MDU. In 1800 systems use 
N lines if MDU’s are used as |/O devices, use address lines 
or function of address lines if MDU’s are used as memory 
devices. 


BUS 0 — BUS 7 - BUS LINES: 


Tristate bi-directional bus for direct interface with CDP1800 
series and other 8-bit microprocessors. 


Zp — Z-RIGHT: 

See Pin 6. 

YR — Y-RIGHT: 

See Pin 5. 

Cl — CARRY IN (Input): 


This is an input for the carry from the next less significant 
MDU. On the least significant MDU it must be high (Vpp) 
on all others it must be connected to the CO pin of the next 
less significant MDU. 


CN1, CNO — CHIP NUMBER (Input): 


These two input pins are wired high or low to indicate the 
MDU position in the cascaded chain. Both are high for the 
most significant MDU regardless of how many CDP1855 
MDU’s are used Then CN1 = high and CNO = low for the 
next MDU and so forth. 


Vss — GROUND: 
Power supply line. 


Vpp — V+: 
Power supply line. 
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CONTROL TRUTH TABLE 


INPUTS* 
RAO WE STB 


2) 
z 
ah 


NO ACTION (BUS FLOATS) 
NO ACTION (BUS FLOATS) 
X TO BUS INCREMENT SEQUENCE 
Z TO BUS COUNTER WHEN 
Y TO BUS STB AND RD = 1 

| STATUS TO BUS 
LOAD X FROM BUS INCREMENT 
LOAD Z FROM BUS SEQUENCE 
LOAD Y FROM BUS COUNTER 
LOAD CONTROL REGISTER 
NO ACTION (BUS FLOATS) 


el i a a a ae ap) 
lle a a a a o> E> 
<x~-+-+900+; +00 x 
x~-oOo-0=-0-40 X x 
oA =z Ht Ht KKK KK OX 


CO00OA444~x x 


" (_) = 1800 system signals. 1 = High Level, 0 = Low Level, X = High or Low Level. 


CONTROL REGISTER BIT ASSIGNMENT TABLE 


[a1 [80 | oPenaTion setecr] 


GISTER 


a [1 [necat state _| 


B2 = 1, RESET Z REGISTER 
B3 = 1, RESET Y REGISTER 


es [es | vormous 
[7+ one wou 
| 1 | 0 | Twombus | 
To | 1 | tance mous 


oo | rounmunre 


B6 = 1, RESET SEQUENCE COUNTER 


[1 | euoceea 
[2 | etock=« 
[2 [crock 6 
[+ [etocks 


B7 = 1, SELECT SHIFT RATE OPTIONS: —————— 
B7 = 0, SHIFT = CLOCK FREQUENCY RATE 


STATUS REGISTER 
|| Status Byte 
Per [765 43210 | 
0000000 OF. | 


O.F. = 1 if overflow (only valid 
after a divide has been done) 


NOTE. Bits 1 — 7 are read as 0 always 


4-43 


CMOS 
PERIPHERALS 


CDP1855, CDP1855C 


DELAY NEEDED WITH AND WITHOUT PRESCALER 


8N+1 Shifts/Operation at 1 Clock Cycle/Shift 
N = Number of MDU’s S = Shift Rate 


With Prescaler 


Number Machine 
of Shifts - gn+4 Cycles 
Needed* 


“NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used. 


vcc 
CDP1855 INTERFACING SCHEMES = 14] 28[ 271 26] 25) 
Ye }<24 
ae 
| 235 
22 
21 
20 DATA BUS 
19 
ee 18 BUS 
eo} CLEAR = 
Se CLK BUS 
10 16 4 
RO/WE BUS Z 
STB 2 © 
RA2 RAIRAG CE 2 
i : 
oO 
s fe lh 
AQ 
LO/M 
ee 8 ie 
92CS-33173RI Cit _ 
1/4 CD401! 
LK(OUT) 
Giz RESET OUT 
4 CD40! — gacs-31870 
Fig. 3- Required connection for memory Fig. 4 - Interfacing the CDP1855 to an 8085 
mapped addressing of the MDU. microprocessor as an I/O device. 
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PROGRAMMING EXAMPLE FOR MULTIPLICATION 


Fora 24-bit x 24-bit multiply using the system shown in Figure 5, the following is an assembly listing of a program to multiply 
201F7C16 by 723009146: 


MEMORY OP LINE ASSEMBLY 
LOCATION CODE NO. LANGUAGE 
Quan FEr0O: OQOL LDL O270H 
Ood02 var Oday FLO Re »~»~LQAD 20 INTO R20 
OOO FROO: OOO LDI OOH 
Odds Bays QOO4g FHI R2 ~-LQAD ©O INTO R2.1 (R2=0070) 
QU06 6735835 OoOOs OUr 7s DC OS8H ..LOAD CONTROL REGISTERS 
ererey=) : QOOG » SFECIFYING THREE MDU'S, 
QOVOIB FS QO) ? »»-RESET THE Y REGISTER AND 
OOO8 3 QOOE ».- SEQUENCE COUNTER 
0008 64205 QOOQD OUT 43 DCO OROH  ..LOAD MSE OF X REGISTER 
OQOOA ; QQ1LO ~«WITH 2O 
QOQA O41Fs OO11 OUT 4; DC O1FH ..LOAD NEXT MSE OF X REG 
QOOC 5 Oo » WITH IF 
OooC 6470: OOLS OUT 43 DC O7CH ».»«LOAD LSB OF X REGISTER 
OOOE : oo014 »»-WI1TH 70 
QU0E 64725 OOS OUT S: OC O72H  ..ILOAD MSH OF Z REGISTER 
Oo1d 5 VOLS ~ WITH 72 
OO1O 652°C 5 OO 1 7 OUr Ss; DC OTCH  ..LQOAD NEXT MSB OF Z REG 
alah 5 Oo1w »e WITH 2C 
QoS S209 s 019 WOT Gs DO O9H »»-LQAD LSRK OF Z REGISTER 
OOt4 : ale are) ~.-WITH O9 
Oul4 5739s oon QUr 73; DG. Ob9H ..LOAD CONTROL REGISTERS 
Qos 7 vom »»-RESETTING Y REGISTERS 
OOLG : Og 3 »,AND SEQUENCE COUNTERS 
OOS : oon 4 »-AND STARTING MULTIFLY 
WQOLG : OULS » »OFERATION Y 
DELAY FOR MULTIPLY TO FINISH < 
O16 3 QU2G SEX Ra x 
OO1L7 ESOS: O27 INF 4: IRX »- MSE OF RESULTS IS STORED x 
O19 ; HO28 ..AT LOCATION OOsO o. 
Oo19 6E GOs OOkF [INF 6: 1RX is 
VOLE bESO; O07 INF) Ss IRX a 
Oo1Dd 6D403 OOZ1 INF Ss IRX 
OOLF 6D4; ORL INF Ss [RX 
Oost 6D; OOS INF S »-COMPLETE LOADING RESULT 
ONg2 3 QOOT4 ». INTO MEMORY LOCATIONS 
QOugs OO 2S 2200380 TO OOTS 
OonD H VUZS » RESULTS=OESS8DRAZBSC 
oOogws ZO2L: OO27 STOF BR STOF 
ee ar: | : OO7ZB8 END 
QOOU 


The result of 201F7C16 x 72300916 is OE558DBA2B5C = 


157606127972761 0. It will be stored in memory as follows: BEFORE MULTIPLY 
MDU1 MDU2 MDU3 
Register X 
Register Y 
Register Z 


MDU1 MDU2 MDU3 
Register X 
Register Y 
Register Z 
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PROGRAMMING EXAMPLE FOR DIVISION 


MEMORY OP LINE ASSEMBLY 
LOCATION CODE NO. LANGUAGE 
0000 ; 0001 . Program example for a 16 bit by 8 bit divide using 1 CDP1855 MDU 
0000 : 0002 _ .. Gives a 16 bit answer with 8 bit remainder 
0000 : 0003 
0000 68C22000; 0004 RLDI R2,2000H . Answer is stored at 2000 hex 
0004 0005 Register 2 points to it 
0004 68C33000; 0006 RLDI R3,3000H Dividend is stored at 3000 hex 
0008 ; 0007 . . Register 3 points to it 
0008 68C44000; 0008 RLDI R4,4000H . Divisoris stored at 4000 hex 
000C 0009 . Register 4 points to it 
000C : 0010 
000C E067F0; 0011 SEX RO; OUT 7; DC OFOH Write to the control register to use 
OOOF 0012 clock / 2; 1 MDU; reset sequence 
OOOF : 0013 . . counter; and no operation 
OOOF : 0014 
OOOF E464. 0015 SEX R4; OUT 4 . Load the divisor into the X register 
0011 ‘ 0016 
0011 E0O6600; 0017 SEX RO, OUT 6; DC 0 . . Load 0 into the Y register 
0014 E365, 0018 SEX R3; OUT 5 . Load the most significant 8 bits of 
0016 ; 0019 the dividend into the Z register 
0016 ; 0020 
0016 E067F2; 0021 SEX RO, OUT 7;DCOF2H . ODothe first divide, also resets the 
0019 : 0022 . sequence counter 
0019 ; 0023 
0019 E26D60; 0024 SEX R2; INP 5; IRX . Read and store the most significant 
001C ‘ 0025 . . 8 bits of the answer at 2000 hex 
001C 0026 

001C E067F0, 0027 SEX RO; OUT 7, DC OFOH . Reset the sequence counter 
001F ‘ 0028 
001F E365; 0029 SEX R3, OUT 5 Load the 8 least significant 8 bits 
0021 ‘ 0030 . . of the original dividend into the Z 
0021 ; 0031 . register 
0021 : 0032 
0021 E067F2, 0033 SEX RO; OUT 7; DC OF2H __.. . Do the second division 
0024 ; 0034 
0024 E26D60, 0035 SEX R2; INP 5; IRX . . Read and store the least significant 
0027 ' 0036 . 8 bits of the answer at 2001 hex 
0027 6E; 0037 INP 6 . Read and store the remainder at 2002 
0028 ; 0038 hex 
0000 
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For the divide operation (Fig. 5), the formula is: 


Y3Y2¥1iZ3Z2Z1 Y3YoY1 
$$ = 7,222, + ——___—_—" 
X3XeoX1 X3XoX4 
EF 
~ ATA Bus 


; 


Yoo 

OR 

I/O SELECT 
MOST SIGNIFICANT LEAST SIGNIFICANT 


92CM-31850 


Fig. 5 - Cascading three MDU’s (CDP1855) in an 1800 system with MDU's being accessed as 
!/O ports in programming example. 


Y 
aul 
4 
nx 
gi 
Sa 
ec 
Li 
a. 


mmc td leila BUS 
Yc 7 Ea: 


92CS- 34407 


MOST SIGNIFICANT LEAST SIGNIFICANT 


Fig. 6 - Cascading four MDU'’s (CDP1855). 
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Specifications CDP1855, CDP1855C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5% tr, t¢ = 20 ns, Vip = 0.7 Vpp, Vit = 0.3 Vop, 
Ci = 100 pF (See Fig. 7) 


LIMITS 
CDP1855 CDP1855C UNITS 


CHARACTERISTICe 


Operation Timing 


Maximum Clock Frequency+ 


Maximum Shift Frequency 
(1 Device)A 


Minimum Clock Width oN 


a _ 
“ o 
N on 


Minimum Clock Period ene 


Clock to Shift Prop. Delay tCSH 
Minimum C.1. to Shift Setup tsu 
tPLH 


or 


C.O. from Shift Prop. Delay LH 
tPHL 
Minimum C.I. from Shift Hold tH 
Minimum Register Input Setup tsu 
Register after Shift Delay 'PLH 
tPHL 
Minimum Register after Shift Hold tH 
C.O. from C.I. Prop. Delay 'PLH 
tPHL 
: tPLH 
Register from C.l. Prop. Dela 
9g p y tPHL 40 


= 
ro) 
_ —_ 
oO (o) 
Oo io) 


“I “NI oo prs on ~“ 
on on 
oak 
o 


eMaximum limits of minimum characteristics are the values above which all devices function. 
*Typical values are for Ta = 25°C and nominal voltages. 


+Clock frequency and pulse width are given for systems using the internal clock option of the CDP1855. Clock frequency 
equals shift frequency for systems not using the internal clock option. 


AShift period for cascading of devices is increased by an amount equal to the C.I. to C.O. Prop. Delay for each device added. 


ice CLOCK cK | 


SHIFT (PRESCALER OFF) 
tCSH 


tPLH fT PHL 


CO,YL.YR, ZLsZR OUT 


CinsYuoYR» ZpZp IN 


92CM-34840 


Fig. 7 - Operation timing diagram. 
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Specifications CDP1855, CDP1855C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85° C, Vp +5% tr, ty = 20 ns, Vijpp= 0.7 Vop, Vit = 0.3 Vop, 
Ci = 100 pF (See Fig. 8) 


LIMITS 


CHARACTERISTICe CDP1855 CDP1855C UNITS 
* 


Bm ca Sescal Rad Rial at 


Write Cycle 


Minimum Data-In-Hold 


Minimum Address to Write Setup 


Minimum Address after Write Hold 


Maximum limits of minimum characteristics are the values above which all devices function. 


“Typical values are for Ta = 25°C and nominal voltages. 


CMOS 
PERIPHERALS 


< 7 \ 
om WW ff 
STB HH \\\ 


t 


om ZINTA TT I 


tosu 


‘DH * WRITE 1S OVERLAP OF 
CE =1,RO/WE =, AND STB= |. 


RA@-2 


92CM-3484l 


Tasu~ 
_-+ TAH 


Fig. 8 - Write timing diagram. 
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Specifications CDP1855, CDP1855C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5% tr, te = 20 ns, Vizy = 0.7 Vpp, Vit = 0.3 Vpp,; 
Cx. = 100 pF (See Fig. 9) 


LIMITS 


CHARACTERISTIC® 
_ a 
Read Cycle 

Snnern 
CE to Data Access tCA Se fe 
Address to Data Access tAA Se 
Data Out Hold after CE DOH $0180} es so 180._ 228 
Data Out Hold after Read tpoH TE Rie ee 
cK a oc 
Read to Data Access tRA ee 
Strobe to Data Access | tSA | eae Be 
| Minimum Strobe Width tsw ae a ee ee 


Maximum limits of minimum characteristics are the values above which all devices function. 
“Typical values are for Ta = 25°C and nominal voltages. 


SS a 


a ine: en 2 aa 
ADVANCE 
SEQUENCE COUNTER | ) 
| 
| tsw , | l 
STB 
| | | | 
| | | l 
RAG-2 | | aS ‘DoH 
| = IGA. Ee pe Aa el pores , | | 
| { | | 
| | RDO" j- | 
| 
, 'RA 


92CM- 31852 


Fig. 9 - Read timing diagram. 
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CDP1857 
CDP1857C 


4-Bit Bus Buffer/Separator 


Gy FARRIS 


SEMICONDUCTOR 


February 1992 


Features 


e Provides Easy Connection of VO to CDP1800- 
Series Microprocessor Data Bus. 


¢ Non-inverting Fully Buffered Data Transfer 


Ordering Information 


Description 


The CDP1857 and CDP1857C are 4 bit CMOS non-inverting bus 
separators designed for use in CDP1800-series microprocessor 
systems. They can be controlled directly by a 1800-series 
microprocessor without the use of additional components. 


The CDP1857 is designed for use as a bus buffer or separator between 
the 1800-series microprocessor data bus and I/O devices. It provides a 
chip-select (CS) input signal which, when high (1), enables the bus-sep- 


arator three-state output drivers. The direction of data flow, when 
enabled, is controlled by the MRD input signal. 


TEMPERATURE 
RANGE 
Plastic DIP -40°C to +85°C |CDP1857CE 
Ceramic DIP | -40°C to +85°C |CDP1857CD — 


TABLE 1. CDP1857 FUNCTION FOR I/O BUS SEPARATOR 
OPERATION 


jes| wo | "tones" | Soon 
DBO0-DB3 | DOO0-DO3 
se 
Co [2 [ronments [oom 
en Cc 


In the CDP 1857, when MRD = 1, it enables the three-state bus drivers 
(DBO-DB3) and transfers data from the DATA-IN lines onto the data bus. 
When MRD <= 0, it disables the three-state bus drivers (DBO-DB3) and 
enables the three-state data output drivers (DOO-DO3), thus 
transferring data from the data bus to the DATA-OUT terminals. 


The CDP 1857 can be used as a bi-directional bus buffer by connecting 
the corresponding DI and DO terminals (Figure 1). The MRD output 
signal from the 1800-series microprocessor has the correct polarity to 
control the CDP 1857 when it is used as I/O bus buffer/separator. There- 
fore, the 1800-series microprocessor MRD signal can be connected 
directly to the MRD input of CDP1857. See Function Table 1 for use of 
the CDP 1857 as an I/O bus buffer/separator. 


The CDP1857 is functionally identical to the CDP 1857C. The CDP 1857 
has a recommended operating-voltage range of 4 to 10.5 volts, and the 
CDP1857C has recommended operating-voltage range of 4 to 6.5 volts. 
The CDP1857 and CDP1857C are supplied in 16-lead hermetic, dual- 
in-line ceramic packages (D suffix), and in 16-lead plastic packages (E 
suffix). 


PERIPHERALS 


Pinout 
16-LEAD DIP 
TOP VIEW org OF 


Functional Diagram for CDP1857 


: lan ag 


cs 
16 = < 
FIGURE 1. 8*Vss 


CAUTION. These devices are sensitive to electrostatic discharge. Users should follow proper I.C Handling Procedures. 


File Number 1192.1 
Copyright © Harris Corporation 1992 
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Specifications CDP1857, CDP1857C 


Static Electrical Characteristics At T, = -40°C to +85°C, Except as Noted: 


CONDITIONS LIMITS 
CDP1857 CDP1 857C 
Vo 
CHARACTERISTIC | SYMBOL (V) UNITS 


Note 1) | 
Quiescent Device 
Current 
Output Low Drive 
(Sink) Current 
Output High Drive 
(Source) Current 
Output Voltage 
Low-Level (Note 3) 
Output Voltage 
High-Level (Note 3) 
input Low Voltage 
Input High Voltage Vin 
Input Leakage Current 
Operating Current 
(Note 2) 


Input Capacitance 
Output Capacitance 


NOTES: 
1. Typical values are for T, = +25°C and nominal voltage. 3. lon = loy = 1pA. 
2. Operating current measured in a CDP 1802 system at 3.2MHz 
with outputs floating. 


Dynamic Electrical Characteristics At T, = -40°C to +85°C, Vpp = 5%, V y= = 0.7 Voo, Vit = 0.3 Vpp, t, ty = 20ns, C, = 100pF 
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"TYP 
CHARACTERISTIC (Note 1) | 


Propagation Delay Time: 
MRD or CS to DO 


| 150 
MRD fae 
MRD or CS to DB | 150 
ae 


DI to DB 
| as 

DB to DO | 100 | 
Led 


NOTE: 1. Typical values are for T, = 25°C and nominal voltages. 
Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 


should be selected so that operation is always within the following ranges: 
CHARACTERISTIC 


Supply-Voltage Range 
Recommended Input voltage Range 
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Specifications CDP1857, CDP1857C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): 


; Device Dissipation Per Output Transistor 
(All Voitages Referenced to Vsg Terminal) 


T, = Full Package Temperature Range 


GOPV69 7 stoevireaaree a ee erotic eins aire Serta cue —0.5V to +11V (All Package Types) Lea a Siac tytn Re ae hse tee 2 Peealeas als: aban te he 100mW 
CDOP165/ Gi iia ts exe bees ae hae wee Res —0.5V to +7V Operating Temperature Range (Ta): 
Input Voltage Range, All Inputs bse. te Shas tot erate —0.5V to Vopo +0.5V Package Type Dyce. 4 Vito a nate Ghee 55°C to +125°C 
DC Input Current, Any One Input.................-....--- +10mA Package Type E.......... eee ee cece eee eeee ~40°C to +85°C 
Power Disspanon She! Package (Pp) Storage Temperature Range (Tog) ...-.. +--+. -65°C to +150°C 
Ta= edie to secede (Package Type E)............. S0OmMW gad Temperature (During Soldering): 
Ta= +60°C to +85°C (Package Type E)...... Derate Linearly at At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 
12mW/C to 200mW from case for 10S MAX... 6. eee cee eee eee +265°C 
= —55°C to +100°C (Package Type D)............. 500mW 
Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mW/C to 200mW 


Timing Diagrams 


”) 

a 

(a) ENABLE TO DB TIME (b) ENABLE TO DO TIME o 

< 

Oo. 

oc 

Lu 

cena i = 
CS CS 
mF NN m NO OX 

Di < i < x 
DB C VALID DATA DATA DB ¢ VALID DATA DATA 


(b) DITO DB TIME (b) DB TODO TIME 
FIGURE 2. TIMING DIAGRAMS FOR CDP1857 
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CDP1857, CDP1857C 
Typical Applications 


COP 1857 
000-003 


DATA BUS (8) 


MRD 
COP 1857 


DB0-083 DIg- 013 


O10- OI 089-083 


MRD 


cs DOG- 003 


DIRECTION ENABLE 8US-TO-BUS 


CONTROL DATA TRANSFER cs 


92CS- 28096 


FIGURE 3. CDP1857 BIDIRECTIONAL BUS FIGURE 4. CDP1857 BUS SEPARATOR OPERATION 
BUFFER OPERATION 
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“ CDP1871A 
nan > CDP1871AC 


REFERENCE APP NOTE 7374 


February 1992 CMOS Keyboard Encoder 
Features Description 
¢ Directly Interfaces with CDP1800-Series Microprocessor The CDP1871A is a keyboard encoder designed to 


directly interface between a CDP1800-series micro- 


= Low Power Diseipaten processor and a mechanical keyboard array, providing 


e 3-State Outputs up to 53 ASCII coded keys and 32 HEX coded keys, 
¢ Scans and Generates Code for 53 Key ASCII Keyboard Plus 2S Shown in the system diagram (Figure 1). 
e Shift, Control, and Alpha Lock Input gle-throw (SPST) mechanical switches. Inputs are pro- 


ae vided for alpha-lock, control, and shift functions, 
« RC-Controlled Debounce Circuitry allowing 160 unique codes. An external R-C input is 
Single Supply 4V to 10.5V.................. (CDP1871A) available for user-selectable debounce times. The N- 
AV 10 6.5V wien c crs hedes eee (CDP1871AC) key lock-out feature prevents unwanted key codes if 

two or more keys are pressed simultaneously. 


The CDP1871A and CDP1871AC are functionally 
. : identical. They differ in that the CDP1871A has a rec- 
Ordering Information ommended operating voltage range of 4V to 10.5V, 


and the CDP8171AC has a recommended operating 
TEMPERATURE 
PACKAGE RANGE 5V 10V 


voltage range 4V to 6.5V. These types are supplied in 
Plastic DIP -40°C to +85°C 1 JCDP1871ACE |CDP1871AE 


e N-Key Lockout 


40 lead dual-in-line ceramic packages (D suffix), and 
Burn-in ICDP1871ACEX | CDP1871AEX 


40 lead dual-in-line plastic packages (E suffix), and 44 
lead plastic chip-carrier packages (Q suffix). 
-40°C to +85°C a CDP1871AQ 
-40°C to +85°C =|CDP1871ACD |CDP1871AD 
CDP1871ACDX |CDP1871ADX 


CMOS 
PERIPHERALS 


Pinouts 
40 LEAD DIP 44 LEAD PLCC 
TOP VIEW (Q Suffix) TOP VIEW 

Vpp & <5 
SHIFT g 9 rg z a B os 
CONTROL zS@8SS5SHSZGZ 
ALPHA LEE TE EE 
RTP DS APT 
Ua Dé TPB | 
a D7 DA | 
BUS 7 - ! 
BUS 6 BUS 7 | 
BUS 5 Ds BUS 6 
BUS 4 D101 BUS 5 
BUS 3 D111] BUS 4 
BUS 2 S1 BUS 3 
BUS 1 $2 BUS 2 
BUS 0 $3 BUS 1 
CSs4 S4 N.C. 
CS3 
cs2 26 22 20 
CST LIL LU LU LL LU Lo 

BBUEBBEERBA GY 

>1000 6 8 za 
a 
CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper | C Handling Procedures. File Number 1374.1 


Copyright © Harris Corporation 1992 
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BUSO - BUS? 


CDP1871A, CDP1871AC 


Vop 


COPI8B7IA 


SHIFT 


CONTROL 
38 


ALPHA LOCK 


5 
| NORMAL 


8- BIT DATA BUS 


BUO- BUS7 


| 
! 


UP TO II SETS 
OF 8 SWITCHES EACH 


| 
| 


| 
| 
| 


ang aed| | 


Fdigidetelal 
_— 


Ul 


é 


FIGURE 1. TYPICAL CDP1800 SERIES MICROPROCESSOR SYSTEM USING THE CDP1871A 


sects 
E 
cs2 @2) SCAN COU 
cs3 @3) 
cs4 (24) _ 
CONTROL 
TPB G4 LOGIC 
VDD KEY 
DETECT 
- F/F 
x 
DEBOUNCE 
Cx 


KEY DOWN 
DETECT 
STATUS 


LATCHES 


FROM 
KEY BOARD 


© sense Y 


S! Lines S8 


SCAN CLOCK 3-STAGE 5-STAGE 
NTER | SCAN COUNTER 


US ENABLE 


TO 
KEY BOARD 


W) DRIVE QW) 


Dl LINES Dil 


FIGURE 2. CDP1871A BLOCK DIAGRAM 
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aH 
|| 


8) @) 8 


ALPHA SHIFT CONTROL 


CDP1871A, CDP1871AC 


Absolute Maximum Ratings 
(All Voltages Referenced to Vs Terminal) 


CORTE UA isso oeiecctiet ease ea aw earce eee eet —0.5V to +11V 
COPISTIAG 2A eee ie ca eee Sees dees —0.5V to +7V 
Input Voltage Range, All Inputs ............. —0.5V to Vop +0.5V 
DC Input Current, any One Input..................00 ee eee +10mA 
Power Dissipation Per Package (Pp) 
Ta, = —40°C to +60°C (Package Type E).............. 500mW 
Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at 
12mW/C to 200mW 
Ta = -55°C to +100°C (Package Type D)............. 500mWw 
Ta = +100°C to +125°C (Package Type D) .... Derate Linearly at 
12mWPC to 200mW 


Ts = —40°C to +850°C (Package Type Q)Note1........ 500mW 
Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package Typ@S)......... ccc cece eee eee ee eee 100mW 
Operating Temperature Range (T,): 

Package Type D...........ce cee ee eee eees —55°C to +125°C 

Package Type E andQ .......... cece eens —40°C to +85°C 
Storage Temperature Range (Tg) ........---- —65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S Max... 0... ccc cee eee ee eens +265°C 


NOTE: 1: Printed-circuit board mount: 57mm x 57mm minimum area x 1.6mm thick G10 epoxy glass, or equivalent. 


Recommended Operating Conditions at T, = -40 to +85°C. For maximum reliability, operating conditions should be 


selected so that operation is always within the following ranges: 


Recommended Input Voltage 
Range 


Clock Input Frequency, TPB 


(Keyboard Capacitance = 200 pF) 


LIMITS 
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CMOS 
PERIPHERALS 


Specifications CDP1871A, CDP1871AC 


STATIC ELECTRICAL CHARACTERISTIC at Ta = -40 to +85°C, except as noted 


— 
& 


ie) 
& 


Pull-Down Resistor Value 
(S1-S8, Shift, Control) Rep 
Operating Current 


(Ail-outputs fo. = 0.4 MHz 
fo. = 0.8 MHz 


0.5,4.5 
1,9 


0,5 
0,10 


CHARACTERISTIC CDP1871ACD _—| UNITS 
VIN CDP1871AE CDP1871ACE 
wy _| wy [wn [tyes | Max. | MIN, | TP." | MAX 
Quiescent Device | — [os [5s [| — [oi [so | —~ | 1 | 200 
Current lof — [oto [10 | — [| 1 | 20 | -—|[— [— |" 
Output Low Drive (sink) Current | o4 [os [5s [os | 1 | — fos | 1 | — | 
(except debounce and D1-D11) oe eee ee oe ee ee ee ee 
0408 | 5. (oo | 15) | 076) 45.) | 
Debounce OS a a ee 
| o4 [os | 5 | 0 | or | — | 05 | o1 | — | 
D1-D11 lo] 05 [010 [10 [ o1 [ o2 | — | — {| = | — 
JOurpur High Orve (Sous) Curent |_a6 {05 _{ s_{-oa{ 06 | — | -08 |-06 | —— 
is; oto | 10 [-o75 | -15 | — | — | — | — | 
Input Low Voltage Ed ae ee eee ee ee ee 
(except Debounce) eee oe ee ee 
input High Voltage Ty AS A 
(except Debounce) 7 es es a a ce De | 
Debounce Schmitt Trigger 
Positive Trigger Voltage | os | — | 10 | 40 | 63 | ao | — | — | — | 
| o4 | — | 5 | 08 | 18 | 30 | o8 | 18 | 30] Vv 
Negative Trigger Voltage [2082 pe IO AO 2000: a See 
Hysteresis Vs a10 | | o7 p23 [arf — | —- | —~ 
Output Voltage Low Level a a Aa 
De el ee 
erie watage righted Tas Le [ame [8 | Va 8 
Vou | = [0,10 | 10 [9.95 el eee ae 
Input Leakage Current | — [os [5 | — | oo | lO et) 
(except S1-S8, Shift, Control) Inf — [010 | 10 | — | o1 | See a 
3-State Output Leakage Current 05 {5 | — {| o1 | eee [0k ee ° 
7 A 
Baas Do oad Bs 
ee eee 
ee ee en eee 


_ 


unloaded) 


*Typical values are for Ta = +25°C and nominal Vop 
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CDP1871A, CDP1871AC 


FUNCTIONAL DESCRIPTION OF CDP1871A TERMINALS 


D1 — D11 (Outputs): 
Drive lines for the 11 x 8 keyboard switch matrix. These 


Outputs are connected through the external switch matrix 
to the sense lines (S1 — S8). 


S1 — S8 (Inputs): 


Sense lines for the 11 x 8 keyboard maxtrix. These inputs 
have internal pull-down resistors and are driven high by 
appropriate drive line when a keyboard switch is closed. 


CS1, CS2, CS3, CS4 (Inputs): 

Chip select inputs, which are used to enable the tri-state 
data bus outputs (BUS 0 — BUS 7) and to enable the 
resetting of the status flag (DA), which occurs on the low- 
to-high transition of TPB. These four inputs are normally 
connected to the N-lines (NO-N2) and MRD output of the 
CDP1800-series microprocessor. (Table 2) 


BUS 0 — BUS 7 (Outputs): 


Tri-state data bus outputs which provide the ASII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS 0 — BUS 7 terminals of the CDP1800- 
series microprocessor. 


DA (Output): 

The data available output flag which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A. 
This output is normally connected to a flag input (EF1-EF4) 
of the CDP1800-series microprocessor. 


TPB (Input): 
The input clock used to drive the scan generator and reset 


the status flag (DA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 


RPT (Output): 

The repeat output flag which is used to indicate that a key is 
still closed after data has been read from the CDP1871A 
(DA = high). It remains low as long as the key is closed and 
is used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1-EF4) of 
the CDP1800-series microprocessor. 


DEBOUNCE (Input): 


This input is connected to the junction of an external resis- 
tor to Von and capacitor to Vss. It provides a debounce time 
delay (t= RC) after the release of a key. Ifa debounce is not 
desired, the external pull-up resistor is still required. 


ALPHA, SHIFT, CONTROL (inputs): 


A high on the SHIFT or CONTROL inputs will be internally 
latched (after the debounce time) and the drive and sense 
line decoding will be modified as shown in Table 3. They are 
normally connected to the keyboard, but produce no code 
by themselves The SHIFT and CONTROL inputs have in- 
ternal pull-down resistors to simplify use with momentary 
contact switches. The ALPHA input is not latched and is 
designed for a standard SPDT switch to provide an alpha- 
lock function. When ALPHA = 1 the drive and sense line 
decoding will be modified as shown in Table 3. 


Vop, Vss: 


Vop is the positive supply voltage input. Vss is the most 
negative supply voltage terminal and is normal connected 
to ground. All outputs swing from Vss to Vop. The recom- 
mended input voltage swing is from Vss to Vop. 


TABLE 1 — SWITCH INPUT FUNCTIONS 


CDP1800- 
SERIES 
SIGNAL 


CONTROL | sHET ALPHA KEY FUNCTION _ 


ai: See ee Sey 
ae re a SHIFT 


NORMAL 
CONTROL 


ALPHA 


CPU INPUT 
INSTRUCTION 


CMOS 
PERIPHERALS 


CDP1871A, CDP1871AC 


TABLE 3 — DRIVE AND SENSE LINE KEYBOARD CONNECTIONS} 


on 
wl 
< 
a 
w 
> 
x 
QO 


ALPHA* 


SHIFT* 


CONTROL* 


NORMAL 


NO RESPONSE 


*“CONTROL overrides SHIFT and ALPHA bed 


¢Showing ASCII outputs for all combinations with and without SHIFT, ALPHA LOCK and CONTROL 


tDrive lines 8, 9, 10, and 11 generate non-ASCII hex values which can be used for special codes. 


TABLE 4 — HEXIDECIMAL VALUES OF ASCII CHARACTERS 


, |i 
3|> x ~~ ~~ 
- a) 
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CDP1871A, CDP1871AC 


OPERATION 


The CDP1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic (Fig. 2). 
The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1-D11) and the sense lines 
(S1-S8). The outputs of the internal 5-stage scancounter 
are conditionally encoded by the ALPHA, SHIFT, and CON- 
TROL inputs (Table 1, Table 3) and are used to drive the 
D1-D11 output lines high one ata time. Each D1-D11 output 
may drive up to eight keys, which are sampled by the sense 
line inputs (S1-S8). The S1-S8 inputs are enabled by the 
internal 3-stage scancounter. 


The control logic interfaces with the CDP1800-series I/O 
and timing signals to establish timing and status conditions 
for the CDP1871A. 


The TPB input clocks the scancounters and is also used to 
reset the Data Available output (DA). When a valid keydown 
condition ts detected on a sense line, the control logic 
inhibits the clock to the scancounters on the next low-to- 
high transition of TPB and the DA output is set low. The 
scancounter outputs (C1-C8) represent the ASCII and HEX 
key codes and are used to drive the BUS 0 — BUS 7 outputs, 
which interface directly to the CDP1800-Series data bus. 
The BUS 0 — BUS 7 outputs, which are normally tri-stated, 
are enabled by decoding the CS inputs during a CPU input 
instruction (Table 2). The low-to-high transition of TPB 
during the_input instruction resets the DA output high. 
Once the DA output has been reset, it cannot go low again 
until the present key ts released and a new keydown condi- 
tion is detected. (This prevents unwanted repeated keycode 
outputs which may be caused by fast software routines). 


After the depressed key is released and the debounce delay 
(determined by RX, CX) has occurred, the scan clock inhibit 


is removed, allowing the scancounters to advance on the 
following high-to-low transitions of TPB. This provides an 
N-key lockout feature, which prevents the entry of errone- 
ous codes when two or more keys are pressed simulta- 
neously. The first key pressed in the scanning order is 
recognized, while all other keys pressed are ignored until 
the first key is released and read by the CPU, at which time 
the next key pressed in the scanning order is detected. If the 
first key remains closed after the CPU reads the data and 
resets the DA output, on the low-to-high transition of TPB, 
an auxiliary signal (RPT) is generated and is available to the 
CPU to indicate an auto-repeat condition. The RPT output 
is reset high at the end of the debounce delay after the 
depressed key is released. 


The DEBOUNCE input provides a terminal connection for 
an external user-selected RC circuit to eliminate false de- 
tection of a keydown condition caused by keyboard noise. 
The operation of the DEBOUNCE circuit is shown in Fig. 2 
(Pin 36). When a valid keydown is detected, the on-chip 
active-resistor device (Rn) is enabled and the external ca- 
pacitor (Cx) is discharged, providing a key closure de- 
bounce time = RnCx. This discharge is sensed by the 
Schmitt-tigger_inverter, which clocks the DA flip-flop 
(latching the DA output low and inhibiting the scan clock). 
(The DA F/F is reset by the low-to-high transition of TPB 
when the CS inputs are enabled). When a valid key-release 
is detected Rn is disabled and Cx begins to charge through 
the external resistor (Rx), providing a key-release debounce 
time = RxCx. This charge time is again sensed by the 
Schmitt-trigger inverter, enabling the scan clock to con- 
tinue on the next high-to-low transitions of TPB, after the 
Current keycode data is read by the CPU. 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, -40 to +85°C, Von +5% 


CHARACTERISTIC 


Clock Cycle Time 


Data Available Valid 
Delay 

Data Available Invalid 
Delay 

Scan Count Delay 
(Non-Repeat) 

Data Out Valid Delay 


tcov 
Data Out Hold Time 


tcoH 


*Typical Values are for Ta = + 25°C and nominal Voo 
Note 1. tee = town + tewt 
tewe = tcp: + KC 
k = 0.9 ns per pF 


c = keyboard capacitance (pF) 


LIMITS 


CDP1871AD 
Voo CDP1871AE 


CDP1871ACD 
CDP1871ACE 
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CDP1871A, CDP1871AC 


-+— — 

TPB | towns tow : | | | 
| | 
| | | 
| 


| 

ae?" Sas | | 
| | 
oto 

BA | | 

a eee as |e eR ree a | 

| | | 

| | | 

f*- Rn x ~-— RxCx | 

DE BOUNCE ee 
oe) oot — 
DI-DII PRESENT, COUNT : \ NEXT COUNT 


cs * | 
—o| ica + 'CDH a 
BUSO-BUS7|§ gp pp va 


* 5 
CS= CSI eCS2 eCS3eCS4 92CM- 35006 
CSI, CS2,CS3 = CPU N-LINES 
CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 


za 
v 


Fig 3 — CDP1871A dynamic timing diagram (non-repeat) 


KEY aaa ee | 
DEPRESSED | CLOSED OPEN 


' 

| ioe DAH | 

DA | | | 
>| tee tt RpH 

| 


DEON nn C~*~<“‘“‘—S*S*S*S*S*=<‘“:;s 
DI- D1 PRESENT COUNT X NEXT COUNT 
pee MMM (De ROE iret et cee terete ee 
>} tcov - =~ tcoH - 


gus 0- BUS? WRT 


* cs = S51 eCS2 eCS3°CS4 92CM— 35007 
CS= CSI, CS2,CS3= (CPU N-LINES) 
CS4 (MRD) IS HIGH FOR CPU INPUT INSTRUCTION 


Fig 4 — CDP1871A dynamic timing diagram (repeat) 
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CDP1871A, CDP1871AC 


MAIN 
PROGRAM 


INPUT KEY 
DATA 
STORE KEY 
DATA 


DISPLAY 
CHARACTER 


PERIPHERALS 


92CM- 32530R1 
Fig 5 — Typical system software flowchart 
for CDP1871A, CDP1871AC 
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m - CDP1872C, 
wh ) Al <I j ul an CDP1874C, CDP1875C 


February 1992 High-Speed 8-Bit Input and Output Ports 


Features Description 


¢ Parallel 8-Bit Input/Output Register with Buffered Outputs The CDP1872C, CDP1874C and CDP1875C devices 


. Me _ are high-speed 8-bit parallel input and output ports 
High-Speed Data-In to Data-Out. ... 85ns (Max.) at Vpp = 5V designed for use in the CDP1800 microprocessor 


e Flexible Applications In Microprocessor Systems as Buffers system and for general use in other microprocessor 


and Latches systems. The CDP1872C and CDP1874C are 8-bit 
input ports; the CDP1875C is an 8-bit output port. 
e High Order Address-Latch Capability in CDP1800-Series ph as ad 
Microprocessor Systems These devices have flexible capabilities as buffers and 


data latches and are reset by CLR input when the data 
strobe is not active. 


3-State Output - CDP1872C and CDP1874C The CDP1872C and CDP1874C are functionally iden- 
tical except for device selects. The CDP1872C has one 
active low and one active high select; the CDP1874C 
Ordering Information has two active high device selects. These devices also 


feature 3-state outputs when deselected. Data is 
TEMP. strobed into the register on the leading edge of the 
RANGE CDP1872C | CDP1874C | CDP1875C 
Plastic -40°C to |CDP1872CE |CDP1874CE |CDP1875CE 
DIP +85°C 


CLOCK and latched on the trailing edge of the 
corns | 


CLOCK. 
Ceramic -40°C to | CDP1872CD CDP1875CD 
DIP +85°C 


¢ Output Sink Current = 5mA (Min.) at VDD = 5V 


the registers when the device selects are active. There 
are two active high and one active low selects. The 
output buffers are enabled at all times. 


These devices are supplied in 22-lead hermetic, dual- 
in-line side-brazed ceramic packages (D suffix) and in 
22-lead dual-in-line plastic package (E suffix). 


The CDP1875C is an output port with data latched into 


Pinouts 
CDP1872C INPUT PORT CDP1874C INPUT PORT CDP1875C OUTPUT PORT 
TOP VIEW TOP VIEW TOP VIEW 

cSt csi cSt 

DIO DIO Dio 

DOO DOO DOO 

Dit Dit Dit 

DO1 Do1 Do1 

DI2 Di2 Di2 

D02 D02 Do2 

DI3 DI3 DI3 

DO3 DO3 DO3 
CLOCK CLOCK CS3 
Vss Vss Vss 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 255.1 


Copyright © Harris Corporation 1992 
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Specifications CDP1872C, CDP1874C, CDP1875C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPRPLY-VOLIAGE RANGE 4 Vio) ives ceca d eecd ea ieee aout aden bineeacauind wace lee tare eal ieeey feat ad Senioneed -0.5 to +7 V 
(Voltage referenced to Vss Terminal) 
INPUT VOLTAGE RANGE: ALL INPUTS iuiiiciod ces cians dude wares bn beater dawwwad bode menos nese baateed ose -0.5 to Von +0.5 V 
DG INPUT CURRENT. ANY ONEMNPUOT 555 46.3 yoo ca Pes Aopen ay Mawr oredee rere WU ocak aca ehee ae ae uns enna meme a aa ccs +10mA 
POWER DISSIPATION PER PACKAGE (Pp) 
FOrTa = -40°C to760°C (PACKAGE TYPE-E) a3 foubsing a faved ae nh eta B28 Saag es Pied WER Aer ow ae RAGE ER neta Oe wee 500 mW 
For Ta = +60°C to +85°C (PACKAGE TYPE E) .......... 0. ccc ccc cece cece ce escccacsveteveees Derate Linearly at 12 mW/°C to 200 mW 
POG Tae 50° C10 4100°C (PACKAGE A VIREID) seiciss ated gerne d ind ae andgn desk eles WER Ney GOR wa he BALE De ae ES 500 mW 
For Ta = +100°C to +125°C (PACKAGE TYPE D).......... ccc ccc cece cece eee cueeeeeeeeeeeeees Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta - FULL PACKAGE-TEMPERATURE RANGE (All Package TypeS) ........... cc cece cccccecceeeseeusteeretennueecuns 100 mW 
OPERATING-TEMPERATURE RANGE (Ta) 
PACKAGE TYPE Dt cussing y aia Gaeta as eee eecud es ated ae anes se teen ehdue. ds re ts Gra tte gare Ate eae tea -55°C to +125°C 
RACIAGE TYPE SE: oats cae wiyae. ait 69 So aaa a tarnistal de a earn Seustued oeanleceaSa sy Weta even ctranavh aneicas taaeeg Oe Vl esis Ca edeatae eet au -40°C to +85°C 
STORAGE TEMPERATURE RANGE (gig) fence a eesea tinea te 04a cigeeeeind see oe a We awe REA eh 050 Oba ew Ski -65°C to +150°C 
LEAD TEMPERATURE (DURING SOLDERING) 
At distance 1/16 + 1/32 tn (1.59 + 0 79 mm) from case for 10S MAX. ...... cee cece ccc cece e teeta steeenueeeeeneneeteens +265°C 


RECOMMENDED OPERATING CONDITIONS at T, = -40°C to +85°C. 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 
ALL TYPES 


DC Operating-Voltage Range 
Input Voltage Range 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40°C to +85°C, Voo + 5%, except as noted 


CHARACTERISTIC 


LIMITS 
ALL TYPES 


CMOS 
PERIPHERALS 


TEST CONDITIONS 


CHARACTERISTIC 


© Typical values are for Ta = 25°C and Vpp £5%. | 
* lot = lon = 1 LA. 
# For CDP1872C and CDP1874C only. 
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92CS-33009 


92CS-— 33008 


Fig. 1 - Equivalent logic diagram (1 of 8 latches shown) Fig. 2 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1872C. for CDP1874C. 


92CS- 33007 
Fig. 3 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1875C. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Voo= 5 V, t,, tr = 10 ns, Vin = 0.7 Vp, 
Vic = 0.3 Vop, C. = 150 pF 
LIMITS 


CDP1872C 
CDP1874C UNITS 


TYP. @ MAX. + 


CHARACTERISTIC 


input Port (Fig. 4) 


. 
on 


O 
» 
-- 
re) 
> 
+ 
oO 
O 
pe) 
- 
» 
O 
Cc 
- 
+ 
g 
io) 
+P lle 


Output Enable ten 


PS 
oOo 


Our ut Disable tois 


ns 
0 
Minimum Clock Pulse Width ter 
Minimum Clear Pulse Width tor 
© Typical values are for Ta = 25°C and Vop +5%. t Maximum values are for Ta = 85°C and Vpp £5%. 


CSi-cS2 
(CDPI872C) 


cSI+CS2 
(CDPIB74C) 


tcRr 92CM- 33006 
Fig. 4 - Timing waveforms for CDP1872C and CDP1874C (input-port types). 
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Specifications CDP1872C, CDP1874C, CDP1875C 
DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Voo = 5 V, t,, t = 10 ns, Vin = 0.7 Voo, 


Vic = 0.3 Voo, Ci = 150 pF 
CHARACTERISTIC UNITS 


| so | 
po | to 


| so | 


Output Port (Fig. 5) 


tos 
tou 
Minimum Clear Pulse Width tcr 


© Typical values are for Ta = 25°C and Von +5%. 
+ Maximum values are for Ta = 85°C and Vpp +5%. 


aoe | | 
CSi+ CS2 + CS3=CLOCK } \ 
bese tpg el 


92CM-33005 


Fig. 5 - Timing waveforms for CDP1875C (output port). 


COPI875C 
Cs2 


CDPI802 


DO|__ >DATA OUT 


TPB 
DATA BUS 
O-7 


DATA BUS 


92CM- 33004 


Fig. 6 - CDP1874C used as an input port and address latch with 
CDP1875C used as an output port. 
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CDP1872C, CDP1874C, CDP1875C 


cs2 


ae DATA IN 
CDPI872C 


csi 


DATA BUS 


CD74HC138 


CDPI802A 


DATA BUS 
+ 


92CS-33003R2 


Fig. 7 - CDP1872C used as an input port and selected by CD74HC138. 


MRD 
CDPI802 


NO NI N2 00-07 


DATA IN DATA OUT 


CDPI875C 


DATA OUT 


CS3 
CDP1I875C 


CDPI874C 


MEMORY 


92CS-33002 
Fig. 8-CDP1874C and CDP1875C used as input/output buffers. 
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Features 
¢ Compatible with CDP1800 Series 


e Programmable Long Branch Vector Address and 
Vector Interval 


¢ 8 Levels of Interrupt Per Chip 
e Easily Expandable 

e Latched Interrupt Requests 

¢ Hard Wired Interrupt Priorities 
e Memory Mapped 


e Multiple Chip Select Inputs to Minimize Address 
Space Requirements 


Ordering Information 


TEMPERATURE 
RANGE 5V 10V 
Plastic DIP | -40°C to +85°C |CDP1877CE |CDP1877E 


-40°C to +85°C |CDP1877CD |CDP1877D 


CDP1877CDX Le 


Pinout 
28 LEAD DIP 
TOP VIEW BUS 7 
CASCADE LL. Vpp 
iR7 12. BUS 7 
iné Lal BUS 6 BUS 7 
IRS L4. BUS 5 
IR4 15) BUS 4 
iR3 Lé. BUS 3 We 7 
iR2 LZ. BUS 2 
IR1 La BUS 1 
IRO Lg BUS 0 sig 7 
TPA iid CS/Ax 
TPB L141 a CS/Ay 
MWR [12 cs = 7 
MRD Lig cs 
Vss iNT 
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TAH PEGISTER 

B2 
MASK MASK REOITER | 

M2 

mul are | 

sé | $5 
= === Pore Lee | os | vo 

p2 


CAUTION. These devices are sensitive to electrostatic discharge Users should follow proper !.C. Handling Procedures. 


CDP1877 
CDP1877C 


Programmable Interrupt Controller (PIC) 


Description 


The CDP1877 and CDP1877C are programmable 8-level interrupt control- 
lers designed for use in CDP1800 series microprocessor systems. They 
provide added versatility by extending the number of permissible interrupts 
from 1 to N in increments of 8. 


When a high to low transition occurs on any of the PIC interrupt lines (IRO to 
1R7), it will be latched and, unless the request is masked, it will cause the 
INTERRUPT line on the PIC and consequently the INTERRUPT input on 
the CPU to go low. 


The CPU accesses the PIC by having interrupt vector register R(1) loaded 
with the memory address of the PIC. After the interrupt S3 cycle, this regis- 
ter value will appear at the CPU address bus, causing the CPU to fetch an 
instruction from the PIC. This fetch cycle clears the interrupt request latch 
bit to accept a new high-to-low transition, and also causes the PIC to issue a 
long branch instruction (CO) followed by the preprogrammed vector address 
written into the PIC’s address registers, causing the CPU to branch to the 
address corresponding to the highest priority active interrupt request. 


If no other unmasked interrupts are pending, the INTERRUPT output of the 
PIC will return high. When an interrupt is requested on a masked interrupt 
line, it will be latched but it will not cause the PIC INTERRUPT output to go 
low. All pending interrupts, masked and unmasked, will be indicated by a “1” 
in the corresponding bit of the status register. Reading of the status register 
will clear all pending interrupt request latches. 


Several PICs can be cascaded together by connecting the INTERRUPT out- 
put of one chip to the CASCADE input of another. Each cascaded PIC pro- 
vides 8 additional interrupt levels to the system. The number of units 
cascadable depends on the amount of memory space and the extent of the 
address decoding in the system. 


Interrupts are prioritized in descending order; IR7 has the highest and IRO 
has the lowest priority. 


The CDP1877 and CDP1877C are functionally identical. They differ in that 
the CDP1877 has a recommended operating voltage range of 4V to 10.5V, 
and the CDP1877C has a recommended operating voltage range of 4V to 
6.5V. These types are supplied in 28 lead dual-in-line ceramic packages (D 
suffix), and 28-lead dual-in-line plastic packages (E suffix). 


Programming Model 


PROGRAMMABLE INTERRUPT CONTROLLER (PIC) 


BUS 0 
PAGE REGISTER 


WRITE 
ONLY 


BUS 0 
WRITE 
ONLY 
BUS 0 
WRITE 
ONLY 
BUS 0 
READ 
ONLY 
BUS 0 


READ 
ONLY 


File Number 1319.1 
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Specifications CDP1877, CDP1877C 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss terminal) 


COP TBI sentient cnere Vina wieiaud MAN OR ene ae nalie ba Duleed naa tun als ASU maa acm ease vatsaeee thd na saronease ees —0.5 to +11 V 

CORIO Ca chao nce ahd hu Gwaun ee Stas tw Gan Gok ae Naw ob FOREN OA aN wk wld dele Heenan ie BA anaaaa ee aenas —0.5 to +7 V 
INPUT VOLTAGE RANGE; ALLINPUTS 263). cae sion caceadinevares ancien nate asaal Siu seTea une tab Sareea vawee es —0.5 to Vpp +0.5 V 
DC:INPUT CURRENT, ANY ONE INPUT 0 nics cc vacpedtiavievdteaed nusned sae Gnrnieleneapaadhe wolediee Reacs erasibeeses +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For TA==40 to+-60°C (PACKAGE: TYPE: E) .viscdiscsetnk oles acne cues cota eee heasbee sara ndebiee ceieadenlis 500 mW 

For Ta=+60 to +85°C (PACKAGE TYPE E)........ cc ccc ccc cece cece cece cee eeeeeeeeneees Derate Linearly at 12 mW/°C to 200 mW 

FOr TA-—55 to:+100°C (PACKAGE TYPE: D) 250459 vxavaweleap ian nec bae dies Rawr swe de MENS hp eee oe eee Hea ae SS 500 mW 

For Ta=+100 to 125°C (PACKAGE TYPE D) ......... ccc ccc cece c cece eccneteeeenceeeees Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package TypeS) ............cccceccec ence ce eeec ene eereeeeeeeee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE: TYRE D: cite iF.) ated wont cam eeree ale oe ea cio aw sais aan Oa Gee e ae one BUN ee enh dae tte S RACES SS —§5 to +125°C 

PACKAGE TYPE Be visdGucciun tu cased agi vaeeueus coed Bed Gde en power ROOM aca e eae aWeusae aera eet ese tees —40 to +85°C 
STORAGE-TEMPERATURE RANGE US (eee eee eee eee eee eee eee —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 S$ MAX. ....... cece cece cece eee teen eee eeeeeeteteeeees +265°C 


STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp +5%, Except as notea 


CONDITIONS LIMITS 
CHARACTERISTIC 


Quiescent Device 
Current 

Output Low Drive 
(Sink) Current 


Output High Drive 
(Source) Current 

Output Voltage 
Low-Level 

Output Voltage 


High Level 
Input Low 
Voltage 


Input Leakage 
Current Input | 0, 10 
3-State Output Leakage 

Current lout} 0, 10 


Output Capacitance i ee 
Operating Device 
Current 


*Typical values are for Ta=25°C and nominal Vpp. +OL=loH=1 HA. 


# Operating current measured under worst-case conditions in a 3.2-MHz CDP1802A system: 
one PIC access per instruction cycle. 


4-70 


CDP1877, CDP1877C 


OPERATING CONDITIONS at T,a=Full Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


V 


LIMITS 
CDP1877 CDP1877C UNITS 


DC Operating Voltage Range | 4 | 1s [| 4 | 65 | 


TPAC ) TPB ) 
cs MWR (_) 
O ‘ WRITE PAGE REGISTER 
<1@ |b MRD C ) E WRITE CONTROL REGISTER 
C 
CA/Ax ( ) 4 BIT 0 WRITE MASK REGISTER 
LATCH cs D 
E READ STATUS REGISTER 
CA/Ay(_ ) R 


z READ POLLING REGISTER 
Ls READ LONG BRANCH 


CASC C) i. Om 
READ 


STATUS WRITE WRITE 
REGISTER MASK PAGE READ 
REGISTER REGISTER LONG BRANCH 


HIGH 
VECTOR 
PRIORITY ADDRESS w 
INTERRUPT ENCODER/ W) 
in LATCH / MASK << 
IR7 ( ) STATUS REGISTER VEC TOR GENERATE w 
REGISTER ADDRESS LOGIC ul 
IR6 ( ) GENERATION ro S. = 
IR5 ( ) Vy READ q@ a 
ae Z POLLING = 
Tr4 © Vy) REGISTER aes te 
aa Z MWR MRD Li 
IR3 ( ) Y) ¥ QO. 
TR2 C) i, LOW VECTOR 
IRI () IZLE ADDRESS () Buso 
TRO C) VAL Oe UPPER BITS C) Bus! 
Z g y Z DATA C) Bus2 
% Z Z eo eee ()Bus3 
i) my, = Z BUFFERS 
CA CLLLLLYIAOLLLLLEL LLLLLELEDILED LDIEIPLILESIT IDs e038 
ae oe ees ee ea () puss 
CONTROL REGISTER ONT ROL ( ) Buse 
REGISTER (aus? 


Fig. 1 - Functional diagram for CDP1877. 
92CL-34372 


Functional Definitions for CDP1877 and CDP1877C Terminals 


TERMINAL 


Vpp—Vss Power 

BUSO—BUS7 Data bus—Communicates information to and from CPU Bidirectional 
IRO—IR7 Interrupt Request Lines Input 
INTERRUPT Interrupt to CPU Output 
MRD, MWR Read/Write controls from CPU Input 


TPA, TPB Timing pulses from CPU Input 
CS, CS Chip selects, Enable Chip if valid during TPA Input 


CS/Ax, CS/Ay Used as a Chip Select during TPA and as a Register address during 
Read/Write Operations Input 


CASCADE Used for cascading several PIC units. The INTERRUPT output from a higher 
priority PIC can be tied to this input, or the input can be tied to Vdd if cascading 
is not used. Input 
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PIC Programming Model 


INTERNAL REGISTERS 


The PIC has three write-only programmable registers and 
two read-only registers. 


Page Register 

This write only register contains the high order vector 
address the device will issue in response to an interupt 
request. This high-order address will be the same for any of 


BUS 7 


the 8 possible interrupt requests; thus, interrupt vectoring 
differs only in location within a specified page. 


BUS 0 


PAGE PR TER BI 


Control Register 
The upper nibble of this write-only register contains the low 
order vector address the device will issue in response to an 


BUS 7 


interrupt request. The lower nibble is used for a master 
interrupt reset, master mask reset and for interval select. 


BUS 0 


CONTROL REGISTER BITS 
TE ONLY 


INTERVAL SELECT 
DETERMINES NUMBER OF 
BYTES ALLOCATED TO EACH 
INTERRUPT SERVICE ROUTINE 


MASTER MASK RESET 
O RESETS ALL MASK REGISTER BITS 
1 NO CHANGE 


MASTER INTERRUPT RESET 

O RESETS ALL INTERRUPT LATCHES 
CLEARS ANY PENDING INTERRUPTS 
1 NO CHANGE 


SETS UPPER BITS OF THE LOW ORDER 
VECTOR ADDRESS AS A FUNCTION OF THE 
INTERVAL SELECT 


THE LOW ORDER VECTOR ADDRESS WILL BE SET ACCORDING TO THE TABLE BELOW: 


INTERVAL SELECTED- 
NO. OF BYTES 


BIT B7 


SETS A7 
SETS A7 
SETS A7 


SETS A7 


LOW ADDRESS BITS 
BIT B6 BIT B5 
SETS A6 SETS A5 
SETS A6 SETS A5 
SETS A6 X 

X X 


X=DON'T CARE 


NOTE: All DON’T CARE Addresses and Addresses A0-A3 are determined by interrupt request. 
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Mask Register 

A “1” written into any location in this write only register will 
mask the corresponding interrupt request line. All interrupt 
inputs (except CASCADE) are maskable. 


BUS 7 BUS 0 


MASK BITS 


Status Register 

In this read only register a “1” will be present in the 
corresponding bit location for every masked or unmasked 
pending interrupt. 


BUS 7 BUS 0 


STATUS BITS READ ONLY 
S7 S6 S5 S4 S3 S2 S1 SO 


Polling Register 

This read only register provides the low order vector 
address and is used to identify the source of interrupt if a 
polling technique, rather than interrupt servicing, is used. 


BUS 7 BUS 0 


POLLING BITS 
P7 P5 P4 P3 P2 PI 


RESPONSE TO INTERRUPT (AFTER S3 CYCLE) 

The PIC’s response to interrogation by the CPU is always 3 
bytes long, placed on the data bus in consecutive bytes in 
the following format: 


First (Instruction) Byte: 
LONG BRANCH INSTRUCTION - CO (Hex) 


CMOS 
PERIPHERALS 


READ ONLY 


Second (High-Order Address) Byte 

This byte is the High-Order vector Address that was written 
into the PIC’s Page Register by the user. The PIC does not 
alter this value in any way. 


High-Order Vector Address 
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Third (Low-Order Address) Bytes 
INTERVAL 2 
BUS 7 BUS 0 


INTERVAL 4 
BUS 7 BUS 0 


we | we | os YAK | 


INTERVAL 8 
BUS 7 BUS 0 


ow | nw LMA» | 2 | oo | 


INTERVAL 16 
BUS 7 BUS 0 


G7, Indicates active interrupt input number (binary 0 to 7). 
LZ 


Bits indicated by Ax (x=4 to 7) are the same as programmed 
into the Control Register. All other bits are generated by the 


PIC. 

REGISTER ADDRESSES | 

In order to read/write or obtain an interrupt vector from any CS/Ax and CS/Ay are multiplexed addresses, both must be 
PIC in the system, all chip selects (CS/Ax, CS/Ay, CS, CS) high during TPA, and set according to this table during TPB 
must be valid during TPA. to access the proper register. 


| ao | wa ACTION TAKEN 
1 READ Long Branch instruction and vector for highest priority unmasked 
interrupt pending. 


| oo WRITE to Page Register 
ee ae WRITE to Control Register 


READ Status Register 
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PIC Application Examples 


Exampie I—Single PIC Application 
Fig. 2 shows all the connections required between CPU and 
PIC to handle eight levels of interrupt control. 


IR7 
IR6 
IR5 
IR4 
IR3 
CDP 1802 CDPI877 IR2 
IR 
iRO 
92 CS- 34376 
Fig. 2 - PIC and CPU connection diagram. 
”) 
nd 
rs 
Programming Values for Example | with LOCATION 84E0 arbitrarily Lu 
Programming the PIC consists of the following steps: chosen as the Vector Address with interval of eight bytes, ro 
1. Disable interrupt at CPU. IR4 pending, is shown in Table | rv 
2. Reset Master Interrupt Bit, B3, of Control Register. In deriving the above addresses. all DON’T CARE bits a Ww 
3. Write a “1” into the Interrupt Input bit location of the ae meer oO. 
‘ ; assumed to be 0. 
Mask Register, if masking is desired. a ae 
4. Write the High-Order Address byte into the Page When an INTERRUPT (IR4) is received by the CPU, it will 
Register. address the PIC and will branch to the interrupt service 
5. Write the Low-Order Address and the vector interval routine. 
into the Control Register. The three bytes generated by the PIC will be: 
6. Program R(1) of the CPU to point to the PIC so that the 1st Byte=CO}y 
Long Branch instruction can be read from the PIC 2nd Byte=84,4 
during the Interrupt Service routine. 3rd Byte=E0H 


Table I — Register Address Values 


REGISTER ADDRESS OPERATION | DATABYTE | 
nae see 


STATUS E000H READ 
POLLING EO40H READ _ 
R(1) (IN CPU) EO80H ee eee 
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Example II—Multi-PIC Application 
Fig. 3 shows all the connections required between CPU and 
PICs to handle sixteen levels of interrupt control. 


HIGHEST 
PRIORITY 
INTERRUPT 


WEST 
RITY 
RRUPT 


92CM-34375 


Fig. 3 - PICs and CPU connection diagram. 


Register Address Assignments 
The low-byte register address for any WRITE or READ 
operation is the same as shown in Table I. 


The high-byte register differs for each PIC because of the 
linear addressing technique shown in the example: 

PIC 1=111XXX01 (E1}4j7 FOR X=0) 

PIC 2=111XXX10 (E24 FOR X=0) 


The R(1) vector address is unchanged. This address will 
select both PICs simultaneously (R(1).1=111XXX00=E0}p). 
Internal CDP1877 logic controls which PIC will respond 
when an interrupt request is serviced. 


Additional PIC Application Comments 
The interval select options provide significant flexibility for 
interrupt routine memory allocations: 

m The 2-byte interval allows one to dedicate a full pageto 
interrupt servicing, with variable space between 
routines, by specifying indirect vectoring with 2 byte 
short branch instructions on the current page. 

m@ The 4-byte interval allows for a 3 byte long branch to 
any location in memory where the interrupt service 
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routine is located. The branch can be preceded by a 
Save Instruction to save previous contents of X and P 
on the stack. 

The 8~byte and 16-byte intervals allow enough space to 
perform a service routine without indirect vectoring. 
The amount of interval memory can be increased even 
further if all8 INTERRUPTS are not required. Thus a 4- 
level interrupt system could use alternate IR Inputs, 
and expand the interval to 16 and 32 bytes, respectively. 


The 4 Chip Selects allow one to conserve total allotted 
memory space to the PIC. For one chip, a total of 4 
address lines could be used to select the device, 
mapping it into as little as 4-K of memory space. Note 
that this selection technique is the only one that allows 
the PIC to work properly in the system: I/O mapping 
cannot be used because the PIC must work within the 
CDP1800 interrupt structure to define the vector 
address. Decoded signals also will not work because 
a chip selects must be valid on the trailing edge of 
PA. 


Specifications CDP1877, CDP1877C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpop +5%, ty, tf=20 ns, 
Vitnt=0.7 Vpp, ViL=0.3 Vpp, C_=50 pF 


LIMITS 


CDP1877 


CHARACTERISTIC 


UNITS 


3 
< 
3 


60 
40 
60 
40 


3 


340 


aD 
> 
© 
© 


Nm 
a N 
oa) 
w 
ro) 

=4 

ke 

e 


> © 

oO oOo 
S 
on 


Address Hold from TPB tHTPB 
Minimum MWR Pulse Width tmWR 
Minimum IR Pulse Width tiRX 


® : 
Typical values are for Ta=25°C and Vop +5%. 


www, 
io) 
© 
— 
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TPA 


tas taAH 
MEMORY ADDRESS HIGH BYTE LOW BYTE 


‘HTpB 


- 


DR 


DATA FROM PIC TO BUS 


VALID DATA 


DATA FROM BUS TO PIC 


VALID DATA 


TRX san 
92CM-34804 


Fig. 4 - Timing waveforms for CDP1877. 
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CMOS Dual Counter-Timer 
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Features 


¢ Compatible with General Purpose and CDP1800- 
Series Microprocessor Systems 


¢ Two 16-Bit Down Counters and Two 8-Bit Control 
Registers 


e 5 Modes Including a Versatile Variable-Duty Cycle 
Mode 


e Programmable Gate-Level Select 


¢ Two-Complemented Output Pins for Each Counter- 
Timer 


e¢ Software-Controlled Interrupt Output 


e Addressable in Memory Space or CDP1800-Series /O 
Space 


Ordering Information 


encnace | mows | ov | sor 
PACKAGE RANGE 5V 10V 

Ceramic DIP | -40°C to +85°C 
oneracox [= 


Burn-In 


Description 


The CDP 1878 and CDP1878C are dual counter-timers con- 
sisting of two 16-bit programmable down counters that are 
independently controlled by separate control registers. The 
value in the registers determine the mode of operation and 
control functions. Counters and registers are directly addres- 
sable in memory space by any general industry type micro- 
processors, in addition to input/output mapping with the 
CDP1800 series microprocessors. 


Each counter-timer can be configured in five modes with the 
additional flexibility of gate-level control. The control regis- 
ters in addition to mode formatting, allow software start and 
stop, interrupt enable, and an optional read control that 
allows a stable readout from the counters. Each counter- 
timer has software control of a common interrupt output with 
an interrupt status register indicating which counter-timer 
has timed out. 


In addition to the interrupt output, true and complemented 
outputs are provided for each counter-timer for control of 
peripheral devices. 


The CDP1878 and CDP878C are functionally identical. They 
differ in that the CDP1878 has a recommended operating 
voltage range of 4 to 10.5 volts, and the CDP1878C has a 
recommended operating voltage range of 4 volts to 6.5 volts. 
These types are supplied in 28-lead dual-in-line ceramic 
packages (D suffix), and 28-lead dual-in-line plastic pack- 


ages (E suffix). 


Pinout TABLE 1. MODE DESCRIPTION 


[moos | «FUNCTION APPLICATION 

1 Timeout Outputs change when clock Event counter 
decrements counter to “Q” 

2 Timeout Strobe | One clockwide output pulse when | Trigger pulse 
clock decrements counter to “0” 


3 Gate-Controlled | Outputs change when clock 
One Shot decrements counter to “0”. 
Retriggerable 


4 Rate Generator | Repetitive clockwide output pulse | Time-base 
generator 
5 Variable-Duty Repetitive output with Motor control 
Cycle programmed duty cycle 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
Copyright © Harris Corporation 1992 4-78 
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Specifications CDP1878, CDP1878C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 
(All Voltages Referenced to Vsg Terminal) Ta, = Full Package Temperature Range 
COP18/6 tsics6 Medea etyeiee Geos Rat awrawn —0.5V to +11V (All Package Types).......-.... 02. cece eee eee ees 100mW 
COP ISOC: 56s alee tuyere aneeee soe —0.5V to+7V Operating Temperature Range (T,): 
input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V Package Type D..............0 cece eens —55°C to +125°C 
DC Input Current, Any One Input.....................006- +10mA Package lye. E vice eves wae hen wr Sane hae —40°C to +85°C 
Power Dissipation Per Package (Pp) Storage Temperature Range (Tyg) ..----.----- —65°C to +150°C 
Ta = 40°C to +60°C (Package Type E).............. 500mW Lead Temperature (During Soldering): 
Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
12mW/°C to 200mW from case for 10S MAX... 6... cee ee eee ees +265°C 
Ta = —55°C to +100°C (Package Type D)............. 500mW 
T, = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mW/°C to 200mW 


Recommended Operating Conditions At, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC SYMBOL 
DC Operating Voltage Range 
Input Voltage Range 
Maximum Clock Input Rise or Fall Time 
Minimum Clock Pulse Width bn nin 
Maximum Clock Input Frequency 


CONDITIONS 
SYMBOL] (V) 


7) 
o 
wv 
hb 
o 
“NI 
o 


< 
io) 
~~ 
Zz 
° 
= 
© 
= 


CHARACTERISTIC 


Quiescent Device 
Current 


s 


0, 10 


S 


Output Low Drive 
(Sink) Current 


Oo 


Output High Drive 


(Source) Current 0, 10 


Output Voltage 
Low-Level (Note 2) 


Output Voltage 
High-Level (Note 2) 


0, 10 
0.5, 4.5 
0.5, 9.5 
0.5, 9.5 
0.5, 9.5 


Any 
Input 


Input Low Voltage 


=) 


Input High Voltage 3.5 


oO 


Input Leakage Current 


0, 10 


Operating Current 
(Note 3) 


oO << 
(6) Sz 


0, 10 


re 


Input Capacitance 


an x 2x 
Sg 
S 


= : 
: oO 
N Ng He S Oo;ToO 
oi — —h 


Output Capacitance 


NOTES: 


1. Typical values are for T, = +25°C and nominal Vpp. 3. Operating current measured at 200kKHz for Vpp = 5V and 400kHz 
2. lot =loy = 1pA. for Vpp = 10V, with open outputs (worst-case frequencies for 
CDP 1802A system operating at maximum speed of 3.2MHz). 


on 
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eee A 


o GATE A 
RD o 
TPB/WR o “KG 
CONTROL REGISTER A 
I-0/MEM o | counreR A | = | AND MODE CONTROL 
TPAG TAO 
ee oCLOCK A 
A2 
Alc 
| aecisres a 
AO c | aecisres a A 
Jane a 
. ee 
Vss INT AND we 
STATUS REGISTER INT 
8-BIT DATA 
BUS 
EXTERNAL See 
BUS ORIVERS 
Lee 
GATE B 
| counter e | B CONTROL REGISTER B TE 
AND MODE CONTROL » TBO 
2 CLOCK B 
| eects 6 | 
a | eects 6 | 
92CL- 34627 


Fig. 1 - Functional diagram CDP1878 and CDP1878C. 


fanaa Definitions for CDP1878 and CDP1878C Terminals 
a a 
Jaoes Power 
DBO-DB7 Data to and from device Active high input that enables device 
TPB/WR, RD | Directional control signals TNT Low when counter is “0” 
AO, Ai, A2 {| Addresses that select counters When active, TAO, TBO are low, 
or registers TAO, TBO are high. Interrupt status 


TACL, TBCL | Clocks used to decrement counters register is cleared 
TAG, TBG | Gate inputs that control counters Tied high in CDP1800 input/output 
TAO, TAO | Complemented outputs of Timer A mode, otherwise tied low 
TBO, TBO | Complemented outputs of Timer B 
TPA Used with CDP1800-series processors, 
tied high otherwise 
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REGISTER TRUTH TABLE 


ADDRESS ACTIVE 


REGISTER OPERATION 


| RD 

|__| Write Counter AMSB 
|X| Read Counter AMSB 
|__| Write Counter ALSB 
| x __| Read Counter ALSB 
|_| Controi Register A 
|__| Write Counter B MSB 
|x | Read CounterBMSB 
[| | Write CounterBLsB 
|X | Read CounterBLSB_ 


interrupt Status Register 


Not Used 


Not Used 


PROGRAMMING MODEL 
Counter A Registers Counter B Registers 


BUS 7 BUS 0 


PERIPHERALS 


BUS 7 BUS 0 


CONTROL REGISTER 
| CONTROL REGISTER 


WRITE ONLY 
WRITE ONLY 


HOLDING REGISTER LSB 


READ ONLY 


READ ONLY 
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Functional Description—See Fig. 1 


The dual counter-timer consists of two programmable 16- 
bit down counters, separately addressable and controlled 
by two independent 8-bit control registers. The word in the 
control register determines the mode and type of operation 
that the counter-timer performs. Writing to or reading from 
a counter or register is enabled by selective addressing 
during a write or read cycle. The data is placed on the data 
bus by the microprocessor during the write cycle or read 
from the counter during the read cycle. Data to and from 
the counters and to the control registers is in binary format. 


Each counter-timer consists of three parts. The first is the 
counter itself, a 16-bit down counter that is decremented on 
the trailing edge of the clock input. The second is the jam 
register that receives the data when the counter is written 
to. The word in the control register determines when the 
jam register value is placed into the counter. The third part 
is the holding register that places the counter value on the 
data bus when the counter is read. 


When the counter has decremented to zero, three events 
occur. The first involves the common interrupt output pin 
that, if enabled, becomes active low. The second is the 
setting of a bit in the interrupt status register. This register 
can be read to determine which counter-timer has timed 
out. The third event is the logic change of the complemented 
output pins. 


In addition to the clock input used to decrement the 
counter, a gate input is available to enable or initiate 
operation. The counter-timers are independent and can 
have different mode operations. 


Write Operation 


The counters and registers are separately addressable and 
are programmed via the data bus when the chip is selected 
with the TPB/WR pin active. Normal sequencing requires 
that the counter jam register be loaded first with the 
required vaiue (most significant and least significant byte 


Control Register 


in any order), and then the control register be accessed and 
loaded with the control word. The trailing edge of the 
TPB/WR pulse will latch the control word into the control 
register. The trailing edge of the first clock to occur with 
gate valid will cause the counter to be jammed with tts initial 
value. The counter will decrement on the trailing edge of 
succeeding clocks as long as the gate is valid, until it 
reaches zero. The output levels will then change, and if 
enabled, the interrupt output will become active and the 
appropriate timer bit will be set in the interrupt status 
register. The interrupt output and the interrupt status 
register can be cleared (to their inactive state) by addressing 
the control register with the TPB/WR line active. For 
example, if counter A times out, control register A must be 
accessed to reset the interrupt output high and reset the 
timer A bitin the status register low. Timer B bitin the status 
register will be unaffected. 


Read Operation 


Each counter has a holding register that is continuously 
being updated by the counter and is accessed when the 
counter is addressed during read cycles. Counter reads are 
accomplished by halting the holding register and then 
reading it, or by reading the holding register directly. If the 
holding register is read directly, data will appear on the bus 
if the counters are addressed with the RD line active. 
However, if the clock decrements the counter between the 
two read operations (most and least significant byte), an 
inaccurate value will be read. To preclude this from 
happening, writing a “1” into bit 6 of the control register and 
then addressing and reading the counter will result in a 
stable reading. This operation prevents the holding register 
from being updated by the counter and does not affect the 
counter’s operation. 


The interrupt status register is read by addressing either 
control register with the RD line active. A “1” in bit 7 
indicates Timer A has timed out and a “1” in bit 6 indicates 
Timer B has timed out. Bits 0-5 are zeros. 


fr fet sfs{s[e] sf o 


Jam Enable 
1=Enabled 
0=Disabled 


Holding Register Control 
1=Freeze Holding Register 
0=Update Continuously 


Start/Stop Control 
1=Start Counter 
0=Stop Counter 


Gate Level Select 
1=Positive (High) 
0=Negative (Low) 


— 


Mode Select 
001=Mode 1 
010-Mode 2 

*011=Mode 3 
100=Mode 4 
101=Mode 5 


“Plus Bit 7=0 


Interrupt Enable 
1=Enabled 
0=Disabled 


Bits 0, 1 and 2 — Mode Selects—See Mode Timing Diagrams (Figs. 2, 3, 4, 5 and 6). 


Mode 1 — Timeout 
Mode 2 — Timeout Strobe 
Mode 3 — Gate Controlled One Shot 


Mode 4 — Rate Generator 
Mode 5 — Variable-Duty Cycle 


No Mode selected. Counter outputs unaffected 


Note: When selecting a mode, the timer outputs TAO and 
TBO are set low, and TAO and TBO are set high. If bits 0, 1 
and 2 are all zero’s when the control register is loaded, no 


mode is selected, and the counter-timer outputs are 
unaffected. issuing mode 6 will cause an indeterminate 
condition of the counter, issuing mode 7 is equivalent to 
issuing mode 5. 
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Bit 3—Gate level select—All modes require an enabling 
signal on the gate to allow counter operation. This enabling 
signal is either a level or a pulse (edge). Positive gate level 
or edge enabling is selected by writing a1” into this bit and 
negative (low) enabling is selected when bit 3 is “0”. 


Bit 4—Interrupt enable—Setting this bit to “1” enables the 
INT output, and setting it to “0” disables it When reset, the 
INT output is at a high level. If the interrupt enable bit in the 
control register is enabled and the counter decrements to 
zero, the INT output will go low and will not return high until 
the counter-timer is reset or the selected control register is 
written to Example: If timer B times out, control register B 
must be accessed to reset the INT output high. If the 
interrupt enable bit is set to “0”, the counter’s timeout will 
have no effect on the INT output. 


In mode 5, the variable-duty cycle mode, the INT pin will 
become active low when the MSB in the counter has 
decremented to zero. 


Bit 5—Start/stop control—This bit controls the clock input 

to the counter and must be set to “1” to enable it. Writing a 
“0” into this location will halt operation of the counter. 
Operation will not resume until the bit is set to “1” 


Bit 6—Holding register control—Since the counter may be 
decrementing during a read cycle, writing a “1” into this 
location will hold a stable value in the hold register for 


MODE DESCRIPTIONS 


BUS 7 


Mode 1: 


After the count is loaded into the jam register and the 
control register is written to with the jam-enable bit high on 
the trailing edge of the first clock after the gate is valid, TXO 
goes high and TXO goes low. The input clock decrements 
the counter as long as the gate remains valid. When it 
reaches zero, TXO goes low and TXO goes high, and if 


COUNTER VALUE 5 


WR 
CONTROL d . 
REGISTER cA 


GATE 


ae eee Control Register Gate Control 


fd Ube a 


subsequent read operations. Rewriting a “1” into bit 6 will 
Cause an update in the holding register on the next trailing 
clock edge. If this location contains a “0”, the holding 
register will be updated continuously by the value in the 
counter. 


Bit 7— Jam enable—When this bit is set to “1” during a write 
to the control register, the 16-bit value in the jam register 
will be available to the counter; TAO and TBO are reset low 
and TAO and TBO are set high. On the trailing edge of the 
first input clock signal with the gate valid this value will be 
latched in the counter, the counter outputs TAO and TBO 
will be set high and the TAO and TBO will be reset low. 
Setting bit 7 to “0” will leave the counter value unaffected. 
This location should be set to “0” any time a write to the 
control register must be performed without changing the 
present countes value. If the value in the jam register has not 
been changed, writing a “1” into bit 7 of the control register 
with zeros in bits 0, 1, and 2 (mode select) will reload the 
counter with the old value and leave the mode unchanged. If 
the value in the jam register is changed, then the next write 
to the control register (with bit 7 a 1”) must include a valid 
mode select (i.e., at least 1 of the bits 0, 1,or2 must bea‘'1”). 


In mode 3, the hardware start is enabled by writing a “0” into 
bit 7 If a “1” is written to bit 7, the timeout will start 
immediately and mode 3 will resemble mode 1. 


Selectable 
High or Low Level 
Enables Operation 


BUS 0 


enabled, the interrupt output is set low. Writing to the 
counter while it is decrementing has no effect on the 
counter value unless the control register is subsequently 
written to with the jam-enable bit high. After timeout the 
counter remains at FFFF unless reloaded. 


STALL COUNTER 
CN 


—eEe ae eee SS ee Ne 
TXO P 


LOAD COUNT=5 


92CM-34628R3 


Fig. 2 - Timeout (mode 1) timing waveforms. 
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Timeout Strobe 
BUS 7 
Mode 2: 


Operation of this mode is the same as mode 1, except the 
outputs will change for one clock period only and then 


COUNTER VALUE 3 c ! 


CLOCK 


CONTROL 
REGISTER 


GATE 


TXO 


* 
WRITE TO CONTROL REGISTER WITH 
MODE SELECTS=0 


Control Register 
Ld xpd] xf of fo! 


Gate Control 


Selectable 
High or Low Level 
Enables Operation 


BUS O 


return to the condition of TXO high and TXO low, and the 
counter is reloaded. 


LOAD COUNT =3 
92CM-34629R2 


Fig. 3 - Timeout strobe (mode 2) timing waveforms. 


| Mode Control Register Gate Control 


Gate Controlled One Shot 


BUS 7 


Lo} xtx}xfxfo} sf 


Selectable 


4 Positive or Negative 


Going Edge Initiates 


M2 Operation 


BUS 0 


Mode 3: 
After the jam register is loaded with the required value, the 


gate edge will initiate this mode. TXO will be set high, and 
TXO will be set low. The clock will decrement the counter. 
When zero is reached, TXO will go low and TXO will be 
high, and the interrupt output will be set low. The counter is 


retriggerable: While the counter is decrementing, a gate 
edge or write to the control register with the jam-enable bit 
high, will load the counter with the jam register value and 
restart the one-shot operation. 


2 i O 3 3 2 


COUNTER VALUE 
3 I Oo 3 3 2 } 


WR 
CONTROL 
REGISTER 


GATE 


LOAD COUNT = 3 


92CM-34630R2 


Fig. 4 - Gate controlled one-shot (mode 3) timing waveforms. 
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Rate Generator 


BUS 7 


Mode 4: 

A repetitive clock-wide output pulse will be output, with the 
time between pulses equal to the counter’s value, (trailing 
edge to leading edge). This model is software started witha 
write to the control register if the gate level is valid If the 
counter is written to while decrementing, the new value will 


COUNTER VALUE 3 2 


| Mode | Controt Register 
xpxdx}x}x] solo 


Gate Control 


Selectable 
High or Low Level 
Enables Operation 


BUS 0 


not affect the counter’s operation until the present timeout 
has concluded, unless the control register is written to with 
the yjam-enable bit high If the gate input (TAG or TBG) is 
used to start this mode. The first cycle following the gate 
going true is indeterminate. 


| ie) 3 2 | 0) 3 N 


CLOCK | | | | | i | | | | | | L_| || |_| |_| | |_| L 


a 3 2 
WR 
CONTROL 
REGISTER 


GATE 


LOAD COUNT = 3 


ie) 3 2 | 0 3 N 


92CM- 3463I1R2 


Fig. 5 - Rate generators (mode 4) timing waveforms. 


Control Register Gate Control 


Variable Duty Cycle 


BUS 7 


EBRBUEOe 


Selectable 
High or Low Level 
Enables Operation 
BUS 0 


Mode 5: 

After the mode is initiated, the outputs will remain at one 
level until the clock decrements the least significant byte of 
the counter to N+1. The outputs will then change level and 
the counter decrements the most significant byte to N+1. 


The process will then repeat, resulting ina repetitive output 


COUNTER VALUE 2 


with a duty cycle directly controlled by the value in the 
counter. The output period will be equal to LSB+MSB+2. 


The interrupt output will become active after the MSB is 
loaded into the counter and decrements to zero. 


0 ! O 2 1 0 | 


2 | 


WR 
CONTROL 


REGISTER La 
GATE 
= — 
TxXO LSB 


LOAD COUNT LSB =2 AND MSB=! 


| 10) 2 | 0 | 


MSB LSB 


92CM-34632R2 


Fig. 6 - Vartable-duty cycle (mode 5) timing waveforms. 


Note: 


In order to avoid unwanted starts when selecting mode 3 or 
4, the gate signal must be set to the opposite level that will 


be programmed. 
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Setting the Control Register 


The following will illustrate a counter write and subsequent 
reads that places stable, accurate values on the data bus 
from the counter-timer. 


The counter is addressed and the required values are 
loaded with a write operation. The control register is 
addressed next and loaded with BSH. 


BUS 7 BUS 0 
Nr 
Control Register=B9H 
Load counter with 
Jam register 
9 Mode 1 selected 


Positive gate enabling 
Holding register continuously required 
updated by counter 


Interrupt output enabled 


Counter start 


The counter will now decrement with each input clock pulse 
while the gate ts valid Assuming the counter has not 
decremented to zero and its value is to be read without 
affecting the counter’s operation, a write to the control 
register is performed. 78H its loaded into the control 
register. 


BUS 7 BUS 0 
SS NS 
t Control register 78H 


Counter value Unchanged 


unaffected Counter outputs unaffected 


Freeze holding register 


The counter is addressed and read operations are per- 
formed. 
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Function Pin Definition 


DB7-DB0—8-bit bidirectional bus used to transfer binary 
information between the microprocessor and the dual 
counter-timer. 

Vpp; Vss—Power and ground for device. 

AO, A1, and A2—Addresses used to select counters or 
registers. 

TPB/WR, RD—Directional signals that determine whether 
data will be placed on the bus from a counter or the 
interrupt status register (RD active) (memory mapped), or 
data on the bus will be placed into a counter or control 
register (TPB/WR active). The following connections are 
required between the microprocessor and the counter- 
timer in the CDP1800-series input/output mapping mode. 


Microprocessor Counter-Timer 
MRD RD 
TPB TPB/WR 
TPA TPA 
N Lines Address Lines 


and I-O/MEM to Vop. 


During an output instruction, data from the memory is 
strobed into the counter-timer during TPB when RD is 
active, and latched on TPB’s trailing edge. Data is read from 
the counter-timer when RD is not active between the 
trailing edges of TPA and TPB. (See Figs. 10, 11, and 12.) 


TACL, TBCL—Clocks used to decrement the counter. 
TAG, TBG—Gate inputs used to control counter. 

TAO, TAO—Complemented outputs of Timer A. 

TBO, TBO—Compilemented outputs of Timer B. 
INT—Common interrupt output. Active when counter 
decrements to zero. 

RESET—Active low signal that resets counter outputs 
(TAO, TBO low, TAO, TBO high). The interrupt output is 
set high and the status register is cleared. 

1-O/MEM—Tied high in CDP1800-series input/output mode, 
otherwise tied low. 

TPA—Tied to TPA of the CDP1800-series microprocessors. 
During memory mapping, it is used to latch the high order 
address bit for the chip select. In the CDP1800 input/output 
mode, it is used to gate the N lines. When the counter-timer 
is used with other microprocessors, or when the high order 
address of the CDP1800-series microprocessors is ex- 
ternally latched, it is connected to Vpp. 

CS—An active high signal that enables the device. 


CDP1878, CDP1878C 


~ LL 
CL 


L 
TACL ,TBCL TAG 
GATE 
22: i? 
MRD RO 
TAO 
TAO 
ADDRESS TIMER 
LINES OUTPUTS 
TBO 
T-O/MEM 
INT TBO 
R-TIMER 
MEMORY COP 1802 <ONBO DBY 
92CM- 34633 
DATA BUS 


Fig. 7 - Typical CDP1802 memory-mapped system. 


LATCH Hi- ORDER 


ADDRESS FOR CS 
ADORESS HIi- BYTE LOW BYTE 


DATA LATCHED 


VALID DATA 


92CS -34634 


TPB/WR 


DATA FROM CPU 
TO COUNTER-TIMER 


Fig. 8 - CDP1800-series memory-mapping write cycle timing waveforms. 


ADDRESS H1-BYTE LOW BYTE 


OUTPUT DRIVERS 


RD ENABLED DISABLED 
Wi 
DATA FROM A 
COUNTER- TIMER ZG VALID DATA 
TO CPU 
92CS-34635 


Fig. 9- CDP1800-series memory-mapping read cycle timing waveforms. 
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TACL,TBCL TAG 


GATE 
INPUTS 


TBG 


TAO 


TAO 


ADDRESS 


TIMER 
LINES OUTPUTS 


COUNTER-TIMER 


MEMORY COP1802 DBO — DB7 


DATA BUS 92CM- 34636 


Fig. 10 - Typical CDP1802 input/output-mapped system. 


RD | | 
N LINES | | 


TPB/WR DATA LATCHED 


i / 
TO COUNTER- TIMER VA 
92CM- 34637 
Fig. 11 - CDP1800-series input/output-mapping timing waveforms with output instruction. 


TPA | be—ovreur DRIVERS ENABLED 
RD | 
TPB/WR | fe oureut DRIVERS DISABLED 


N LINES | ; | 
DATA FROM 
COUNTER- TIMER VALID DATA 
TO MEMORY 92CM~ 34638 


Fig. 12 - CDP1800-series input/output-mapping timing waveforms with input instruction. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85° C, Vpp=5 V + 5%, 
Input tr,tf=10 ns; C_=50 pF and 1 TTL Load 


CHARACTERISTIC LiMiTsS UNITS 


Read Cycle Times (see Fig. 13) 


Data Access from Address 
Read Pulse Width 


Data Access from Read tDoR 


Address Hold after Read 
Output Hold after Read 
Chip Select Setup to TPA 


tTime required by a limit device to allow for the indicated function. 
*Typical values are for Ta=25°C and nominal Vpp 


TPA 
Le tes t RH 


7) 

a! 

<q 

AD 8 - 
RE 

si 

Oo 

0 a 

TY 

acon a 


92CM- 34639 


Fig. 13 - Read cycle timing waveforms. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp=5 V + 5%, 
input t,,tf=10 ns; C_ =50 pF and 1 TTL Load 


LIMITS 
CHARACTERISTIC UNITS 
ee ce ee 


Write Cycle Times (see Fig. 14) 


[Address SetuptoWrite tag | 50S] | 
Write Pulse Width twR 10 | - | —- | 
[Data Setuptownte ———~—=SssSCSC~C~*~éisS «TCS SCOTS CS” 
[AddressHoldafterwite ta | 50d] SS S| 
Data Hold after Write tWH | 50 | — | —- | 
[Ghip Select SetuptoTPA sts | 80} SO SC) 


tTime required by a limit device to allow for the indicated function 
*Typical values are for Ta=25°C and nominal Vpp. 


TPA 


betes tan 
ii ae ae ae 


eee ee eae 


Fig. 14 - Write cycle timing waveforms. 


92CM- 34640 
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SEMICONDUCTOR 


REFERENCE APP NOTE 7275 


February 1992 


Features 


e¢ CPU Interface for Use with General-Purpose Microprocessors 

¢ Time Of Day/Caiendar 

e Reads Seconds, Minutes, Hours 

e Reads Day of Month and Month 

e Alarm Circuit With Seconds, Minutes or Hours Operation 

e Power Down Mode 

e Separate Clock Output Selects 1 of 15 Square Wave Signals 

e Interrupt Output Activated By Clock Output and/or Alarm Circuit 
¢ Date Integrity Sampling for Clock Rollover Eliminated 

¢ On-Board Oscillator: 


CDP1879 
CDP1879C-1 


CMOS Real-Time Clock 


Description 


The CDP1879 real-time clock supplies time and calendar 
information from seconds to months in BCD format. It 
consists of 5 separately addressable and programmable 
counters that divide down an oscillator input. The clock input 
can have any one of 4 possible frequencies, allowing 
flexibility in the choice of crystal or external clock sources. 
Using an external 32kHz clock source, timekeeping can be 
performed down to 2.5V (see Standby (Timekeeping) 
Voltage Operation). 


The device can be memory-mapped for use with any gen- 
eral-purpose microprocessor and has the additional capabil- 
ity of operating in the CDP1800 series input/output mode. 

The real-time clock functions as a time-of-day/calendar with 


an alarm capability that can be set for combinations of 
seconds, minutes or hours. Alarm time is configured by 


. Crystal Operation CDP1879 at 10V............... 4.19MHz, loading alarm latches that activate an interrupt output 
2.09MHz or 1.048MHZ through a comparator when the counter and alarm latch 
- Crystal Operation CDP1879C-1 at 5V............. 4.19MHz, values are equal. 
oe ee ee Fifteen selectable square-wave signals are available as a 
- External Clock Operation at 10V or 5V............ 4.19MHz, q 9g 


2.09MHz 1.048MHz or 32kHz 
e Addressable in Memory Space or CDP1800 Series /O Mode 


e Low Standby (Timekeeping) Voltage with External Clock 


Ordering Information 


TEMPERATURE 
RANGE 5V 10V 
-40°C to +85°C CDP1879CE1 CDP1879E 


erowsese [ooriareanr || 
CDP1879CD1X | CDP1879DX 


Ceramic DIP 


Burn-in 


separate clock output signal and can also activate the 
interrupt output. A status register is available to indicate the 
interrupt source. The value in an 8 bit contro! register 
determines the operational characteristics of the device, by 
selecting the prescaler divisor and the clock output, and 
controls the load and alarm functions. 


A transparent “freeze” circuit preclude clock rollover during 
counter and latch access times to assure stable and 
accurate values in the counters and alarm latches. 


The CDP1879 is functionally identical to the CDP1879C-1. 
The CDP1879 has a recommended operating voltage range 
of 4V to 10.5V, and the CDP1879C-1 has a recommended 
operating voltage range of 4V to 6.5V. The CDP1879 and the 
CDP1879C-1 are supplied in 24 lead hermetic dual-in-line 
side-brazed ceramic packages (D suffix) and 24 lead dual-in- 
line plastic packages (E suffix). 


Pinout CDP1879 Modes of Operation 
24 LEAD DIP 
Read 1. Seconds, minutes, hours, date and month counters 
2. Status register to identify interrupt source 


Power Down 


Control register to set device operation 
Seconds, minutes, hours, date and month counters 
Alarm latches for alarm time 


Tri-state interrupt output with active alarm or clock out circuitry 
for wake-up control 
Data bus and address inputs are “DON’T CARE” 


Clock out as source 
Alarm time as source 
Either interrupt can occur during normal or power down mode 


CMOS 
PERIPHERALS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C Handling Procedures. 


File Number 1360.1 
Copyright © Harris Corporation 1992 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


COP BT Biss tale pune et ete ant od Sted are Bld hen eee FARES OEE A ERE EER TRS SG Sa A a Se -0.5to +11 V 

CORB SN eer Rh ere VCR ESOL CUR ee Oh NTE LEMOLE SEER ETL s EDS SOTERA OUR Oe ne STS -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS vs oicsa i enue ceee eee swe se ee Ove eh Rw a ore eee tw Ba ae Rie es -0.5 to VoD +0.5 V 
OC: INPUT- CURRENT;-ANY- ONE INPUT sco.s5554 Mas bike oS oS aigcs we altin ees Duce GW ewe sh aekag eee eten ney ee eee eeewonsaweas +10 mA 
POWER DISSIPATION PER PACKAGE (Pb): 

FOr sTA'= 4040760" C (PACKAGE TYPE E) ica csc let ibs downs cee hw i ee eo eea ea Paes ee eee Pa Awa ie Se cause 500 mW 

For TA = 360:10:485° GC (PACKAGE TYPE EB) icc ex oeccce owns seu se mie Pheu a we oe dose deice hae Derate Linearly at 12 mW/°C to 200 mW 

FOrTA> =50:lo't100° C (PACKAGE TYPE D) sxe sic teat eww needa ot en nares Fea eae ana Gas ek eeals axe wed kai aes 500 mW 

For ia=7100 to 4125°C (PACKAGE. TYPE OD) ie iscka rior Saeed de GRR OAKS HRS Cowes Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Typ@S) .......... cece cece ccc e cece ee nee eee e eet teeenanees 40 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

FACKAGE TYPE Di 254 tc tewtois se ele a bet eeekat toe eat eewten eee ease reusose was siete aces eon ues wee aes -55 to +125°C 

PACKAGE TYPES osret See ora dea he dae a Mk Pon ae a elet ce PES LRN eae toeseeaedeteeee Tees *Zatied -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tig): <s2c3 pends to cuneneeiciine 260 sau ee iGareankase ete easan nk eewukd a taded teehee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING). 

At distance 1/16 + 1/32 in. (159+ 0.79 mm) from case for 10S MAX cic cece eect rete e eet eee een eee eee etna +265° C 


OPERATING CONDITIONS at Ta=Full Package-Temperature Range, unless otherwise noted. 
For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 


LIMITS 


CHARACTERISTIC CDP1879 CDP1879C-1 


DC Operating Voltage Range 
Input Voltage Range 


DC Standby (Timekeeping) Voltage* 
Ta = -40° to +85°CT 
Ta = 0° to +70°C 
Clock Input Rise or Fall Time 
Vop =5V 
Vop =10V 


“Timekeeping function only, no READ/WRITE accesses, 32-kHz external frequency source only, 
no crystal operation. 
+See Standby (Timekeeping) Voltage Operation, Page 11. 
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TABLE I 


Control Register Bit Assignment 
Bit 1, 0 


Frequency 00 32768 Hz 
Select 01 1.048576 MHz 
10 2.097152 MHz 
11 4.194304 MHz 


Bit 2 
Start/Stop 


Start 
Stop 


Bit 3 

Counter/Latch Control 

“0” = Write to counter and 
disable alarm 

“1” = Write to & enable alarm 
Clock Select 

Bits 7, 6, 5, 4 

0000 — disable ys 

0001 — 488.2 us 

0010 976.5 us 

0011 1953.1 us 

0100 3906.2 ps 

0101 7812.5 us 

0110 15.625 ms 

0111 31.25 ms 


CALENDAR 
LOGIC 
oi | — | —|-+ ; 


8-8IT DATA BUS 


COMPARATOR 


SECOND ae MINUTE & HOUR 
LATCH ; LATCH j LATCH 
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Fig. 1 - Real-time clock functional diagram. 


TABLE II 


[Latch, Counter Seconds |__| 
CLaten, Counter Minutes [0 


Counter, Day 
Counter, Month 
Control, Register 


Status Register 


MSB of hours counters (Bit 7) is an AM-PM bit. 0 = AM; 
1 = PM. 

Bit 6 of hours counter controls 12/24 hr. 1 = 12 hr: 

0 = 24 hr. 


Status Register: Bit 7 MSB = alarm 

Interrupt Source: Bit 6 = clock 

MSB of Month Counter (Bit 7) is a Leap Year Bit 0 = No, 
1 = Yes. 
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Specifications CDP1879, CDP1879C-1 


STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C Vop + 5%, Except as noted 


CONDITIONS LIMITS 
ann CDP1879 CDP1879C-1 UNITS 


CHARACTERISTIC 


Quiescent Device Current 


Output Low Drive (Sink) 


Ea ea 
Current, DataBus &INT___lor_| 0.5 | 0,10 | 10 | 36 | 7 | — 
Output High Drive (Source) | 46 | 0 be eh 
Current, DataBus RINT lox | 9.5 | 0, 7c 10 [26 [aa | — [| | - [= 
Output Low Drive (Sink) oe 
Current, Clock Out Jol 20s oe 00. 2 ee de al 
Output High Drive (Source) Fae a ee eee Ee ee 
es ees es seen! 
| 0.4 | 
25.10 04) 
| -0.15._| 
reso, 0.3 | 


Oo 
oa) 
i 


Current, Clock Out 1OH 9.5 -2.6 
Output Low Drive (Sink) 0.4 . 
Current, XTAL Out lo._| 05 0.4 2} ft 


Output High Drive (Source) 
Current, XTAL Out 1OH 


Low-Level VOL : of i 0.1 = 
0, 40 10 9.9 = 


High Level VOHt 


mputtow vonage pg Be el bl 

Input Low Voltage 0. 5, s 5 ae 3 ies 
mele eee ele 

Input High Voltage 0.5,9.5 10 | <= 

Se 
Input | O, 10 10 uA 

3-State Output 0,5 0,5 +1 

tatagecurent wor [ovo fonv| | — | — | | — | — | = 

Operating Current * 

Stra lock | 20 | fs [a fom fou [= [oo Poss 


Oe Rs 

| 5 | — | 035 | 15 | — | 035 | 15 | 

cea ee ee ee 

Cee eee Sh Ores. ee ee Ocon an A). ee eae | 

el El ee ee ee ee ee oe 

Ea Lek 2 eek eee en ee ee 
fess ie esc OE ee NG. AS) ee See ee 

XTAL Oscillator** 32 kHz a PS 0.1 0.25 


input apactance ow | = | — |— |— | s [7s] 
oe ee a 
Maximum Clock Rise tw | — | — | 8 | — | — | 1 | — 

pra em seman aes meat ES A 


*Typical values are for TA = 25°C and nominal Vpp. “Operating current measured with clockout = 488.2 ws and no load; 
FOL = 10H = 1 pA. ** See Table III and Fig 6 for oscillator circuit information. 
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PROGRAMMING MODEL 


WRITE AND READ REGISTERS WRITE ONLY REGISTERS 


BCD FORMAT 
DB7 DBO 


TENS 0-5 UNITS 0-9 


SECONDS COUNTER (00-59) 


CONTROL REGISTER 


DBO-DB1 - FREQUENCY SELECT 

DB2 - START/STOP 

DB3 - COUNTER/ALARM LATCH CONTROL 
DB4-DB7 - CLOCK OUTPUT SELECT 


TENS 0-5 | UNITS 0-9 


MINUTES COUNTER (00-59) 
DB7 DBO 


TENS 0-5 UNITS 0-9 


SECONDS ALARM LATCH (00-59) 
DB7 DBO 


| TENS 0-5 UNITS 0-9 | 
a Eeeee Keema cae aes 


MINUTES ALARM LATCH (00-59) 
DB7 DB6 


DBO 
| 

E «| mo UNITS 0-9 

a | 


HOURS ALARM LATCH (01-12 or 00-23) 
12 HR, DB7=0 AM, 1=PM 
24 HR, DB7=X 


READ ONLY REGISTER 


DB7 DB6 


UNITS 0-9 


| 0-2 
| | | = 


HOURS COUNTER (01-12 or 00-23) 
DB7 0=AM, 1=PM 
DB6 0=24 HR, 1=12 HR 


DB7 
aa tome i Se oe 
| TENS 0-3 UNITS 0-9 
ra Oa 
DAY OF MONTH COUNTER 
(01-28, 29, 30, 31) 


DB7 DBO 
— 
| X | TENS 0 or 1 UNITS 0-9 
lie 2 _ 


MONTH COUNTER 


CMOS 
PERIPHERALS 


DB7 DB6 
X X 0 


INTERRUPT STATUS REGISTER 
DB7=1 ALARM CIRCUIT ACTIVATE 
DB6=1 CLOCK OUTPUT ACTIVATE 


(JAN=1 DEC=12) 
DB7 0=NO LEAP YEAR 
1=LEAP YEAR 


INT 


D 
D INT. 


REGISTER TRUTH TABLE 


ADDRESS ACTIVE SIGNAL BIT 3 
CONTROL REGISTER OPERATION 


Write Seconds Counter 
Read Seconds Counter 
Write 
Read Minutes Counter 
Write Hours Counter 
Read Hours Counter 
Write Date Counter 
Read Date Counter 
Write Month Counter 
Read Month Counter 
Write Seconds Alarm Latch 
Write Minutes Alarm Latch 
Write Hours Alarm Latch 
Write Control Register 
Read Int. Status Register 


() 


Minutes Counter 


Stent 2 © © > <> > De Ds 


ete ee © eS eS Se on» BE op EE a> SE a) 
Se ee a Se Se Sr o> i op Man Gp iE ap > Sr Sa Sao 
oe oe <> © SP 
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GENERAL OPERATION 


The real-time clock contains seconds, minutes, and hours, 
date and month counters that hold time of day/calendar 
information (see Fig. 2). The frequency of an intrinsic 
oscillatoris divided down to supply a once-a-second signal 
to the counter series string. The counters are separately 
addressable and can be written to or read from. 


The real-time clock contains seconds, minutes and hour 
write-only alarm latches that store the alarm time (see Fig. 
3). When the value of the alarm latches and counters are 
equal, the interrupt output is activated. The interrupt output 
can also be activated by a clock output transition. The clock 
output is derived from the prescaler and counters and can 
be one of 15 square-wave signals. The value in the read- 
only interrupt status register identifies the interrupt source. 
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Operational control of the real-time clock is determined by 
the byte in a write-only control register. The 8-bit value in 
this register determines the correct divisor for the prescaler, 
a data direction and alarm enable bit, clock output select, 
and start/stop control (see Fig. 4). 


Data transfer and addressing are accomplished in two 
modes of operation, memory mapping and |/O mapping 
using the CDP1800-series microprocessors. The mode is 
selected by the level on an input pin. (I-O/MEM). Memory 
mapping implies use of the address lines as chip selects and 
address inputs using linear selection or partial or full 
decoding methods. I/O mapping with the CDP1800-series 
microprocessors involves use of the N line outputs in 
conjunction with input and output instructions to transfer 
data to and from memory. 


ia 
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Fig. 2 - Functional diagram - time counters highlighted. 


4-96 


CDP1879, CDP1879C-1 


FREEZE 


CIRCUIT 


XTAL 


PRESCALE CLOCK 
SELECT SELECT 


CONTROL 
| | | 5 CLOCK OUT REGISTER 
a7 | INT 
O 
RESET 
e 
VDD 
V 
ss 
O-— 
INT STATUS 
REGISTER 
DBO-DB7 
AO 
S 
Al 
O 
0 A2 
TPA ADDRESS DECODE 
T o/ HEM INP 
0 CONTROL LOGIC 
TPB/WR 
Oamm | 
RD 
O : 
cs 
O | ka RE grt ent DE ee et 
POWER DOWN 
© 


A XTAL OSCILLATOR PRESCALE Zz SECOND : 


8- BIT DATA BUS 


COMPARATOR 


SECOND i MINUTE = HOUR 
LATCH ; LATCH Bw 


92cL-34914 


Fig. 3 - Functional diagram - alarm circuit, clock output, interrupt, and status registers highlighted. 


OPERATIONAL SEQUENCE 


Power is applied and the real-time clock is reset. This sets 
the interrupt output pin high. After the CS pinis set high and 
with address 7 on the address input lines, the control 
register is loaded via the data bus to configure the clock. 


With selective addressing, the seconds through month 
counters are then written to and loaded to set the current 
time. The real-time clock will now hold the current “wall 
clock” time, with an accuracy determined by the crystal or 
external clock used. If the alarm function is desired, the 
control register is accessed and loaded again This new 
byte will allow subsequent time data to be entered into the 
seconds, minutes and hours alarm latches. This sequence 
is also used when selecting one of the 15 available clock-out 
signals. 


If the alarm function was selected, the interrupt output pin 
will be set low when the values in the seconds, minutes and 
hour alarm latches match those in the seconds, minutes and 
hour counters 


If one of the 15 sub second-to-day clock outputs is selected 
by the byte in the control register, the clock output pin 
toggles at that frequency (50% duty cycle). The interrupt 
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output will also be set low on the first clock out negative 
transition. The interrupt source (alarm or clock out) can be 
determined by reading the interrupt status register. The 
clock output can be deselected by placing zero in the upper 
nibble of the control register if the alarm function is selected 
as the only interrupt source. 


COUNTERS (See Fig. 2) 


The counter section consists of an on-board oscillator, a 
prescaler and 5counters that hold the time of day/calendar 
information. 


1 of 4 possible external crystals determine the frequency of 
the on-board oscillator (32,768 Hz, 1 048576 MHz, 2.097152 
MHz, 4.194304 MHz). The oscillator output is divided down 
by a prescaler that supplies a once-a-second pulse to the 
counters. The seconds counter divides the pulse by 60 and 
its output clocks the minute counter every 60 seconds. 
Further division by the minutes, hours, day of month and 
month counters result in 5 counters holding data that 
reflects the time/calendar from seconds to months. The 
counters are addressed separately and BCD data is 
transferred to and from via the data bus. The most significant 
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Fig. 4 - Functional diagram - 


bit of the hours counter (Bit 7) is user programmed to 
indicate AM or PM and will be inverted every 12th hour. (0= 
AM, 1= PM). Bit 6 of the hours counter is user programmed 
to enable the hours counter for 12 or 24 hour operation. (0= 
24, 1= 12). If 24-hour operation is selected, the AM-PM bitis 
“don’t care’, but still toggles every 12th hour. Writing to the 
seconds counter resets the last 7 stages of the prescaler, 
allowing time accuracy to approximately 1/100 of asecond. 


The most significant bit of the month counter isa Leap Year 
bit. If it is set to “1”, the counter will count to February 29, 
then roll to March 1. If set to “O” it will go to March 1st after 
February 28th. 


ALARM AND INTERRUPT STATUS REGISTER (See Fig. 3) 


The alarm circuit consists of 1) seconds, minutes and hour 
alarm latches that hold the alarm time, 2) the outputs of the 
seconds, minutes and hour counters, and 3) a comparator 
that drives an interrupt output. The comparator senses the 
counter and alarm latch values and activates the interrupt 
output (active low) when they are equal. 


The write-only alarm latches have the same addresses as 
their comparable counters. Bit 3 in the control register 
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control register highlighted. 


determines data direction to the latches or counters and 
alarm enabling. For example, during a write cycle, if bit 3in 
the control register is a‘‘1”, addressing the seconds counter 
or alarm latch will load the seconds alarm latch from the 
data bus and will enable the alarm function. Conversely, if 
bit 3 in the control register is a “0”, addressing the seconds 
counter or alarm latch during a write cycle will place the 
value on the data bus into the seconds counter and will 
disable the alarm function. The interrupt output can be 
activated by the alarm circuit or the clock output. When an 
interrupt occurs, the upper two bits of the interrupt status 
register identify the interrupt source. The interrupt status 
register has the same address as the control register. 
Addressing the interrupt status register with the RD line 
active will place these register bits on the data bus. Bits 0-5 
are held low. A “1” in bit 6 represents a clock output 
transition as the interrupt source. A “1” in bit 7 will identify 
the alarm circuit as the interrupt source. 


Activating the reset pin (active low) resets the hour latch to 
“30” which prevents a match between alarm and time 
registers during an initialization procedure. Activating the 
reset pin or writing to the control register resets the 
interrupt output (high) and clears the interrupt status 
register. 
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CLOCK OUTPUT (See Table I and Fig. 3) 


One of 15 counter and prescaler overflows can be selected 
as a 50% duty cycle output signal that is available at the 
“clock out” pin. The frequency is selected by the upper 
nibble in the control register. For example, selecting a one- 
second clock output will result in a repetitive signal that will 
be high for 500 ms and low for the same period The high-to- 
low transition of the output signal will set the clock bitin the 
status register and activate the interrupt output. The level of 
the “clock out” signal is derived from the value in the 
counter Example: if hours clock is selected and the minutes 
counter holds 4 minutes, the clock out will be low for 26 
minutes and high for 30 minutes. Thereafter, the clock out 
will toggle at a 50% duty cycle rate 


CONTROL REGISTER (See Table I and Fig. 4) 
BIT BIT 


pttet ste} s}eatrjoa 


CONTROL REGISTER BYTE 


The 8-bit value in the control register determines the 

following. 

1. BitOand 1— Frequency Select — Since there are one of 
4 possible crystals the oscillator in the real-time clock 
can operate with, these bit levels determine the prescaler 
divisor so that an accurate one second pulse is supplied 
to the counter series string 


BIT 1 BIT 0 FREQUENCY 
0 0 32,768 Hz 
0 1 1.048576 MHz 
1 0 2 097152 MHz 
1 1 4.194304 MHz 


2. Bit 2 — Start-Stop Control — Counter enabling is 
controlled by the value at this location A “1” will allow 
the counters to function and a “0” in this location will 
disable the counters. 
3 Bit 3 — Counter/Latch Control — The level at this 
location controls two functions. It is required since the 
counters and alarm latches have the same addresses 
1) A“0O” in bit 3 will direct subsequent data to or from 
the counter selected and the alarm function will be 
disabled. 

2) A‘“1" in bit 3 will direct subsequent data to or from 
the alarm latch and will enable the alarm. 

4. Bits 4to 7 — Clock Select — These bits select one of 15 
square-wave signals that will be present at the “clock- 
out” pin. If bits 4 to 7 are zero’s, the clock output pin will 
be high. If aclock is selected, the first high-to-low clock 
out transition will activate the interrupt pin (active low) 
and place a‘‘1” in bit 6 of the status register. Writing to 
the control register or activating the reset pin will set the 
interrupt pin high and reset the interrupt status register. 


Normal operation requires the control register to be written 
to and loaded first with acontrol word. However, subsequent 
writing to acounter if a “clock out” is selected may cause an 
interrupt out signal. Therefore, ‘“clock-out’” should be 
deselected by writing zero’s into bits 4 through 7 if the 


interrupt is used. When the counters are loaded, the control 
register is again written to with the value in the upper nibble 
selecting the “clock out” signal. See Table I. 


READ AND WRITE SIGNALS 


When the |-O/MEM pin is low, the real-time clock is enabled 
for memory mapped operation. Data on the bus Is placed in, 
or read from acounter, alarm latch or register by 1) placing 
the CS pin high, 2) selective addressing, 3) placing the 
TPB/WR pin low during a write cycle with the RD pin high or 
4) setting the RD pin low during a read cycle with the 
TPB/WR pin high. 


The !/O mapping mode used with the CDP1800 series 
microprocessor_is selected by setting the |-O/MEM pin 
high The TPB/WR pin on the real-time clock is connected 
to the TPB output pin of the microprocessor. Data on the 
bus !s written to or read from the counters, latches and 
registers by 1) placing the CS pin high, 2) selective 
addressing utilizing the microprocessor N lines and !/O 
instructions, 3) placing the TPB/WR pin high with the RD 
pin low during an output or write operation (data is latched 
on TPB's trailing edge), 4) setting the RD line high during an 
input or read operation. Data is placed on the bus by the 
real-time clock between the trailing edges of TPA and TPB. 


FREEZE CIRCUIT 


Since writing to or reading from the counters or alarm 
latches is performed asynchronously, the once-a-second 
signal from the prescaler may pulse the counter series 
string during these operations. This can result in erroneous 
data. To avoid this occurring, a transparent “freeze” circuit 
is incorporated into the real-time clock This circuit is 
designed to trap and hold the one-second input clock 
transition if it occurs during access times. When the 
operations are completed, it is inserted into the counter 
series string. To utilize the “freeze” circuit, address “1” (AO = 
1, A1 = 0, A2 = 0) is selected first while performing a write 
Operation. Read or write accesses may now be performed 
with assurance the data is stable. All operations must be 
concluded within 250 ms of the address “1” access. If 
memory mapping any dummy write operation after selecting 
address “1” will set the “freeze” circuit. If using the I/O 
mode, a 61 output instruction will perform the same 
function. There is no time restriction on subsequent 
accesses as long as the read or write operations are 
preceded by selecting address “1”. 


POWER DOWN 


Power down operation is initiated with a low signal on the 
“POWER DOWN” input pin. In conjunction with the interrupt 
output, itis used to supply external control circuits with a3 
level control signal. The operating currentis not appreciably 
reduced during “POWER DOWN’ operation. When power 
down !s initiated, any inputs on the address or data bus are 
ignored. Theclock output is set low. The interrupt output is 
tri-stated. If enabled previously, the alarm circuitry is active 
and will set the interrupt output pin low when alarm time 
occurs. The interrupt output will also go low if a clock was 
selected and an internal high-to-low transition occurs 
during powerdown Theclock output pin will remain low. If 
power down is Initiated tn the middle of a read or write 
sequence, it willnot become activated until the read or write 
cycle is completed. 
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PIN FUNCTIONS 


Vop, Vss — Power and ground for device. 


DBO — DB7 — DATA BUS — 8-bit bidirectional bus that 
transfers BCD data to and from the counters, latches and 
registers. 


AO, A1, A2 — Address inputs that select a counter, latch or 
register to read from or write to. 


TPA — Strobe input used to latch the value on the chip 
select pin. CS is latched on the trailing edge of TPA. During 
memory mapping, it is used to latch the high order address 
bit used for the chip select. When the real-time clock is used 
with other microprocessors, or when the high order address 
of the CDP1800 series microprocessor is externally latched, 
it is connected to VDD. In the input/output mode, itis used to 
gate the N lines. 


1-O/MEM — Tied low during memory mapping and high 
when the input/output mode of the CDP1800 series 
microprocessor is used. 


RD, TPB/WR — DIRECTION SIGNALS — Active signals 
that determine data direction flow. In the memory mapped 
mode, data is placed on the bus from the counters or status 
register when RD pin is active. 


Data is transferred to a counter, latch or the control register 
when RD is high and TPB/WR is active and latched on the 
trailing edge (low to high) of the TPB/WR signal. 


In the input/output mode, data is placed on the bus from a 
counter or status register when RD is not active between the 
trailing edges of TPA and TPB. Data on the busis written to 
acounter, latch, or the control register during TPB when RD 


is active and latched on TPB’s trailing edge. The following 
connections are required between the microprocessor and 
real-time clock in the CDP1800 series I/O mode. 


MICROPROCESSOR REAL-TIME CLOCK 


MRD neal ent eae tenes RD 

Te PB iearatsa antes b ahes hp aceon TPB/WR 

i oo: 2 eee ie ene TPA 

NDEINES 3.9645 ee eead ADDRESS LINES 
I-O/MEM ............ VDD 


CS — CHIP SELECT — Used to enable or disable the inputs 
and outputs. TPA is used to strobe and latch a positive level 
on this pin to enable the device. 


XTAL AND XTAL — The frequency of the internal oscillator 
is determined by the value of the crystal connected to these 
pins. “XTAL” may be driven directly by an external frequency 
source. 


CLOCK OUT — 1 of 15 square wave frequencies will appear 
at this pin when selected. During power down, this pin will 
be placed low, and will be high during normal operation 
when the clock is deselected. 


POWER DOWN — POWER DOWN CONTROL — A low on 
this pin will place the device in the power down mode. 


INT — Interrupt Output — A low on this pin indicates an 
active alarm time or high-to-low transition of the “clock out” 
signal. 


RESET — A low on this pin clears the status register and 
places the interrupt output pin high. 


FREQUENCY INPUT REQUIREMENTS 


The Real-Time Clock operates with the following frequency 
input sources: 

1. An external crystal that is used with the on-board 
oscillator. The oscillator is biased by a large feedback 
resistor and oscillates at the crystal frequency (see Fig. 
6, Table III). 


2. An external frequency input that is supplied at the 
XTAL input. XTAL is left open (see Fig. 5). A typical 
external oscillator circuit is shown in Fig. 7 in section, 
“Standby (Timekeeping) VOLTAGE OPERATION”. 


TABLE III - Typical Oscillator Circuit Parameters for Suggested Oscillator Circuit, see Fig. 6 


4.197 MHz 


PARAMETERS 


2.097 MHz 


*CDP1879C-1 only. 


Be eel eT 
[eo 88 ——SC*~‘“‘S*™~*ésSSC‘“‘(’NNTC#SOTSSC*«dSSC“(ssip 
Oh ee 
i ee ee 


Co 
Cy 
Cr 
Crystal Impedance 73 200 200 50K (max.) 


1.049 MHz 32768 Hz* 


UNITS 
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CDP1879, CDP1879C-1 


FREQUENCY INPUT REQUIREMENTS (Cont'd) 


Design Considerations for Stable Crystal Oscillation 2. Asignal line or power source line must not Cross Or gO 
1. Stray capaci inimi for best near the oscillator circuit line. 
ee 3. Itis advisable to puta 0.1-microfarad capacitor between 


oscillator performance. Circuit board traces should be 
kept to a maximum of 1 inch, and there should be no 
parallel traces. 


VDD and Vss of the CDP 1879. 


COPI879 
CDPI879 


XTAL | PIN23 


X TAL EXTERNAL 
PINS << FREQUENCY 
SOURCE 
PARALLEL 
RESONANT 
CRYSTAL 
Cy 
92CS- 36886 92CS-36685RI 
Fig. 5 - Connections for an external-frequency source Fig 6 - Suggested oscillator circuit applied to real-time 
applied to real-time clock. clock (see Table 111). 


STANDBY (TIMEKEEPING) VOLTAGE OPERATION 


When any one of the four specified crystals is used withthe | clock source must be supplied at the XTAL input (see Fig. 
on-board oscillator, the Real-Time Clock can operate ata 7). Thestandby requirements for CHIP SELECT/DESELECT 
minimum of 4 volts VOD. However, at 32 kHz the clock will are listed in Table IV, and Fig. 8 indicates the timing 
run (timekeeping only, no device READ/WRITE accesses) waveforms. Fig. 9 illustrates the typical timekeeping curve 
down to 3 volts at -40° to +85°C and 2.5 volts at0° to+70°C. over the full temperature range. 

To achieve this low voltage operation, an external 32-kHz 


PERIPHERALS 


1/3 CD54/74HCO4 CDP 1879 


92CS- 37290 


Fig. 7 - Typical external clock-source circuit. 


Table IV - Standby (Timekeeping) Characteristics at Full-Temperature Range | 


LIMITS 


(V) | Min. | Max. | Min. | Max. 
Chip Deselect to Standby t 5 2.5,3 2 
Recovery to Normal 2 
jl 9 A 


CHARACTERISTIC 
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CDP1879, CDP1879C-1 


STANDBY (TIMEKEEPING) VOLTAGE OPERATION (Cont'd) 


0,95 Vop 
Voo 


cs 


VOLTAGE MODE 


VsTByY 


0 95 Vop 


Ht tt >1ps 
92CM-37291 


Fig. 8 - Standby (timekeeping) voltage- and timing-waveforms. 


EXTERNAL CLOCK SOURCE OF 32 kHz AH 
TYPICAL STANDBY (TIMEKEEPING) VOLTAGE fH 
3v(-40°C < T< + 85°C) 


-V 


44 


(Vstey?Vpp) 
Ol 


STANDBY (TIMEKEEPING) VOLTAGE 
i) 


asses 
-40 -20 


ie) 20 40 60 
FULL- TEMPERATURE RANGE -°C 


25V (O°C <T<+t 70°C) 


nes 
80 100 


92CS- 37292 


Fig. 9 - Typical standby (timekeeping) voltage vs. full-temperature range. 


APPLICATIONS 


A typical application for this real-time clock is as a wake-up 
control to a CPU to reduce total system power in inter- 
mittent-use systems. A hookup diagram iliustrating this 
feature is shown in Fig. 10. In this configuration, the alarm 
and power-down features of the CDP1879 are utilized in the 
control of the sleep and wake-up states of the CPU. A 
typical shut-down/start-up sequence for this system could 
proceed as follows: 


1. 
2. 


3. 


The CPU has finished a current task and will be inactive 
for the next six hours. 

The CPU loads the CDP1879 alarm registers with the 
desired wake-up time. 

The CDP1800 Q output is set high, which stops the 
CPU oscillator (as an alternative, in an NMOS system, 
power to allcomponents except the clock chip could be 
shut off). 


. This Q output signal is received by the CDP1879 as a 


power-down signal. 


. The CDP1879 tri-states the interrupt output pin. 
. The CDP1879 eventually times out, and sets an alarm 


by driving the INT output low. 


. The alarm signal resets the CPU (to avoid oscillator 


start-up problems) and flags the processor for a warm- 
start routine. 


. The CPU, once into its normal software sequence, 


writes to the CDP1879 control register to reset the 
interrupt request. 


Fig. 
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92CS-34136R35 


10 - CPU wake-up circuit using the CDP1879 real-time clock. 


CDP1879, CDP1879C-1 


APPLICATIONS (Cont'd) 


XTAL YXTAL 


ADDRESS 
LINES 


MEMORY 


DATA BUS 


92CM- 34909 


Fig. 11 - Typical CDP1802 memory-mapped system 


LATCH HI- ORDER 


ADDRESS FOR CS 
TPA 


~”) 

pee | 

Of 

6 a 

TPB/WR DATA LATCHED + 
a. 


DATA FROM CPU 
TO REAL TIME 
CLOCK 


VALID DATA 
92CS- 34910 


Fig 12 - CDP1800-series memory-mapped write-cycle timing waveforms. 


ADDRESS HI-BYTE LOW BYTE 


OUTPUT DRIVERS 


RD ENABLED DISABLED 
DATA FROM REAL ZA 
TIME CLOCK TO ; Yj, VALID DATA 
CPU LQ 
92CS-34911 


Fig 13 - CDP1800-series memory-mapped read-cycle timing waveforms. 
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CDP1879, CDP1879C-1 
APPLICATIONS (Cont'd) 


CLEAR 
TPA 

MRD 

TPB 
INTERRUPT 


ADDRESS 
LINES 


COPI879 
MEMORY COPI802 0BO-08B7 


92CM~ 34905 


Fig. 14 - Typical CDP1802 input/output-mapped system. 


RO | | 
N LINES | | 


DATA LATCHED 


TPB/WR 


DATA FROM MEMORY 
TO REAL TIME CLOCK 


92CM- 34906 


Fig. 15 - CDP1800-series input/output-mapping timing waveforms with output instruction. 


TPA | be-ourpur DRIVERS ENABLED 
RD | 
TPB/WR | fe oureur DRIVERS DISABLED 


N LINES | | 
DATA FROM REAL TIME 
CLOCK TO MEMORY VALID DATA 
92CM-34907 


Fig. 16 - CDP1800-series input/output-mapping timing waveforms with input instruction. 
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Specifications CDP1879, CDP1879C-1 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, 
Input t;,t¢ = 10 ns, CL = 50 pF 


LIMITS 


CHARACTERISTIC 


Read Cycle Times (see Fig. 17) 


Data Access from Address tDA - 
— 5 270 270 
Read Pul R 
Se 5 375 
D 
Data Access from Read tOR ta 170 be ns 
= S 50 230 50 
Output Hold after Read tDH 40 130 as _ 
Chip Select Setup to TPA tcs : oy ae 2 _ 


+Time required by a limit device to allow for the indicated function 


CMOS 
PERIPHERALS 


TPA 


READ 
— iD Ge 
tor 
toa YoH 


92CM- 34639 


Fig. 17 - Read-cycle timing waveforms. 
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ye 


s 
eo 


"*<. §pecifications CDP1879, CDP1879C-1 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, 
Input t,,t; = 10 ns, Cy = 50 pF . 


UNITS 


CDP1879 CDP1879C-1 


CHARACTERISTIC 
Write Cycle Times (see Fig. 18) 


5 T 


Address Setup to Write 


Write Pulse Width 


Data Setup to Write ns 


Address Hold after Write 


Data Hold after Write 


Chip Select Setup to TPA 


tTime required by a limit device to allow for the indicated function. 


TPA 


ee Fo tti—CSSCiC 


en ee 


tos twH 
92CM- 34908 


Fig. 18 - Write-cycle timing waveforms. 
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an = CDP1881, CDP1881C 
rmsseove's® — CDP1882. CDP1882C 


CMOS 6-Bit Latch and Decoder 


February 1992 Memory Interfaces 
Features Description 
e Performs memory address latch and decoder The CDP1881 and CDP1882 are CMOS 6 bit memory latch 
functions multiplexed or non-multiplexed and decoder circuits intended for use in CDP1800 series 


microprocessor systems. They can interface directly with the 
multiplexed address bus of this system at maximum clock 
Interfaces directly with CDP1800-series microproces- frequency, and up to four 4K x 8 bit memories to provide a 
sors at maximum clock frequency 16K byte memory system. With four 2K x 8 bit memories an 
8K byte system can be decoded. 


Decodes up to 16K bytes of memory 


¢ Can replace CDP1866 and CDP1867 (upward speed 
and function capability) The devices are also compatible with non-multiplexed 
address bus microprocessors. By connecting the clock input 
to Vpp, the latches are in the data-following mode and the 


Orderin g Information decoded outputs can be used in general purpose memory- 


system applications. 
eee The CDP1881 and CDP1882 are intended for use with 2K or 
e S and are icenticai excep at in ine 
PACKAGE 4K byte RAMs and are identical t that in the CDP1882 
| Plastic DIP 40°C to | CDP1881CE | CDP1881E MWR and MRD are excluded. 
Burn-In +85°C CDP1881CEX CDP1881EX 
Plastic DIP -40°C to CDP 1882CE CDP1882E 
Burn-in +85°C | CDP1882CEX : 
Ceramic DIP -40°C to CDP1882CD CDP1882D 
Burn-In +85°C CDP1882CDX - 


The CDP1881 and CDP 1882 are functionally identical to the 
CDP1881C and the CDP1882C. They differ in that the 
CDP1881 and CDP1882 have recommended operating 
voltage range of 4 to 10.5 volts and their C versions have a 
recommended operating voltage range of 4 to 6.5 volts. 


The CDP1881 and CDP1882 are supplied in 20 lead and 
18 lead packages, respectively. The CDP1881 is supplied 
only in a dual-in-line plastic package (E suffix). The 
CDP1882 is supplied in dual-in-line, hermetic side-brazed 
ceramic (D suffix) and in plastic (E suffix) packages. 


Pinouts 


CDP1881, CDP1881C 20 LEAD DIP CDP1882, CDP1882C 18 LEAD DIP 
TOP VIEW TOP VIEW 


CLOCK 
MAS5 
MA4 
MA3 
MA2 
MA1 
MAO 


CE 


Vss 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 367.1 
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CMOS 
PERIPHERALS 


Specifications CDP1881, CDP1881C, CDP1882, CDP1882C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 
(All Voltages Referenced to Vss Terminal) T, = Full Package Temperature Range 
CDP1881 and CDP1882.................08. ~0.5Vto+11V — (All Package TypeS).......... ccc cececeeeeeueaeus 100mw 
CDP1881C and CDP1882C................... —0.5V to+7V Operating Temperature Range (T,): 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V Package Type D.............ce cece ceeeee ~—55°C to +125°C 
DC Input Current, Any One Input.................00ce eee +10mA Package Type E........ ccc eee ee eee eee —40°C to +85°C 
Power Dissipation Per Package (Pp) Storage Temperature Range (Tyg) .....----+-- —65°C to +150°C 
Ta = —40°C to +60°C (Package Type E).............. 500mW Lead Temperature (During Soldering): 
Ts = +60°C to +85°C (Package Type E)...... Derate Linearly at At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
12mWPC to 200mW from case for 10S MAX... 2... cee eee tenes +265°C 
Ta = -55°C to +100°C (Package Type D)............. 500mW 
Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mW/C to 200mW 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC 


DC Operating Voltage Range 
Input Voltage Range 


CONDITIONS 


CDP1878C 


(Note 1) | 
TYP 


! 
Oo 
~ 
ar 
@ 
~“ 
co] 


V, 
CHARACTERISTIC | SYMBOL ( 


Quiescent Device 


Vin 
(V) 


Note 1) 
TYP 


So 


UNITS 
50 


> 


1 1 


© 


A 


o 
= 


— 
§ 
. 
. 


2 


Go 
NO 


3 


Output Low Drive lot 
(Sink) Current 


ro) 
ND 
3 


=< 
<i> 3 = 
fa] f5|s]4-[4-[|-l|-[3fa)fes ss 


Output High Drive 
(Source) Current 


-1.15 -2.3 


> 


S/o/S]olS 
ah, 
© fo) © 


wo, 


Nh 
w 


a 
“NI r ¢ 


& 
oO 


Output Voltage 


ae 
a 
| 05 | 
46 | 
| 95 | 
Low-Level (Note 2) a 
Esk faul 
pees 
0.5, 4.5 | 
(0.5, 9.5 
| 19 | 


x 
9 


Output Voltage 
High-Level (Note 2) 


p-S 
© 


ah 


Input Low Voltage Vit 0.5, 4.5 


Input High Voltage Vin 0.5, 9.5 


_—_ 
>) So 


Input Leakage Current 


H+ 
= 


ad 
= 


'@) 
= 
3 
ro) 
= 
= 

oO 

=x 


(Note 3) 


Operating Current Aad 


Input Capacitance 


OQ 
z 

N 
on 
N 
on 


{?) 
[e) 
fos 
a 


Output Capacitance 


—_ 


0 


Minimum Data 
Retention Voltage 


2.4 


< 
e) 
Bs) 
< 
fe) 
te) 
u 
< 
) 
D 


Data Retention Current 
NOTES: 


1. Typical values are for T, = +25°C. 3. Operating current measured at 200KHZz for Vpp = 5V and 400kHz 
2. lo. = loy = 1pA. for Vpp = 10V, with outputs open circuits (Equivalent to typical 
CDP 1800 system at 3.2MHz, 5V; and 6.4MHz, 10V). 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


mao (7) > l>——(9) a8 mao (7) > h>—{17) a8 
c Cc 
Mai (6) > i ae I >——{18) Ao mat (6) > Pe >) a8 
c 
mA2(5) & Ele !>—{17) aio mA2 (5) Be ces >—{15) alo 
c 
C 
MA3 (4) > es P>—(16) al! ma3 (4) > Da P>—H4) Al 
He | 
“OP Try ae) be O= wa @—_ > 0} —+- Hf) -@ 
ean: po (a) csi He | EE poz) tsi 
mas (2)-—[> ti ae a = = MAS (2) >—-0 aT Le = 
cq Ree | >o—(13) C82 alae eH) ¢s 
cLock 1 )}-—> = a ee cock(1}——{> Ee poe 
MRO ° 
sk S K ny Yb © a Vop * 
MWR (9) a> Vss = E (8) 1> Vss = @) 
92CS- 35001 
cE (iN) <> 92CS- 35000 
Fig. 1 - Functional diagram for the CDP1881, CDP1881C. Fig. 2 - Functional diagram for the CDP1882, CDP1882C. 


TRUTH TABLES for the CDP1881, CDP1881C and CDP1882, CDP1882C. 


INPUTS 
wens | wes | ee | cx | ue | 


CMOS 
PERIPHERALS 


ee a ee > ee eS 
=—_- CO —- — aa 


1 1 
PREVIOUS STATE 
1 1 
0 1 
1 0 
1 1 
PREVIOUS STATE 


—_ wr —dt © 


cocoon sso onn |B 
© 
14 
w 


co <> > ek > © > DD» oe 
ot — = 


<x K* KK KOO OClUlUmUlmlUCUOUMKCUH 
oooo0one0eoe0encooeooeo xK 
(o> ee Ge ee ee ee a a < 
x-—- Oo- OK += O FA 80 XK XK 


ACDP1881, CDP1881C Only : 


OUTPUTS 


MAO, MA1, A8, AQ, 
A10, A11 


1 
0 


PREVIOUS 
STATE 


Logic 1 = High, Logic 0 = Low, X = Don't Care 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VoD + 5%, tr, tt = 20 ns, 
ViH = 0.7 VDD, Vit = 0.3 VoD, CL = 100 pF, See Fig. 3. 


LIMITS 


CHARACTERISTIC 


Minimum Setup Time, rime 

Memory Address to CLOCK, tMACL 10 

Minimum Hold Time, iets 25 had 2 
Memory Address After CLOCK, tCLMA 10 8 25 

Minimum CLOCK Pulse Width tCLCL as at Ge 


Propagation Delay Times 
Chip Enable to Chip Select 


MRD or MWR to Chip Select* 


= fs) 100 175 100 
10 65 125 — 


ns 


100 175 


CLOCK to Address tCLA 
10 65 125 


100 175 100 


Memory Address to Chip Select tMACS 


Fite 75 125 = 
5 80 125 
Memory Address to Address tMAA 
10 40 60 
eTypical values are for TA = 25°C. 


AMaximum limits of minimum characteristics are the values above which all devices function. 
*For the CDP1881 and CDP1881C types only. 


VALID CHIP ENABLE 


\ 


(a) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 


MAO- MAS 


CLOCK 

50, 5 a eae 
tMAA 

ne-all aes 


(c) MEMORY ADDRESS SETUP AND HOLD TIME 
92CM- 37295 


Fig. 3 - CDP1881 and CDP1882 timing waveforms. 
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CDP1881, CDP1881C, CDP1882, CDP1882C 


SIGNAL DESCRIPTIONS/PIN FUNCTIONS 


CLOCK: Latch-Input Control - a high at the clock input 
will allow data to pass through the latch to the output pin. 
Data ts latched on the high to low transition of the clock 
Input This input is connected to TPA in CDP1800-series 
systems 


MAO-MA3: Address inputs to the high-byte address 
latches 


MA4,MAS: High-byte address inputs decoded to produce 
chip selects CSO - CS3 


MRD,MWR: MEMORY READ (MRD) and MEMORY WRITE 
(MWR) signal inputs on the CDP1881, CDP1881C A low at 
either input, when the CE pinitslow, will enable the decoder 
chip select outputs (CSO - CS3) 


CE: CHIP ENABLE input - a low at the CE input of 
CDP1882, CDP1882C will enable the chip select decoder A 
low at the CE input of CDP1881, CDP1881C, coincident 
with a low at either the MRD or MWR pin, will enable the 
chip select decoder. A high on this pin forces CSO, CS1, 
CS2, and CS3 to a high (false) state 


A8-A11: Latched high-byte address outputs 


CS0-CS3: One of four latched and decoded Chip Select 
outputs 


Vop, Vss: Power and ground pins, respectively 


AO-A7 


TPA 


CDPI800 
SERIES 
CPU 


CDPI833 
IK x8 


AODRESS 


APPLICATION INFORMATION 


The CDP1881 and CDP1882 can interface directly with the 
multiplexed address bus of the CDP1800-series 
microprocessor family at maximum clock frequency. A 
single CDP1881 or CDP1882 is capable of decoding up to 
16K-bytes of memory 


The CDP1881 1s provided with MRD and MWR inputs for 
controlling bus contention, and is especially useful for 
interfacing with RAMs that do not have an output enable 
function (OE) Fig 4 shows the CDP1881 in a minimum 
system configuration which includes the CDP1833 ROM 
(1K x 8) and two 2K x 8 RAMS. The CDP1881, in this 
example performs the following functions: 


(1) Latch and decode high-order address bits for use as 
chip selects ea 1th 

(2) Gate chip selects with MRD and MWR to prevent bus 
contention with the CPU 

(3) Latch high-order address bits A8 to A11. 


A system using the CDP1882 is shown in Fig 5. The 
CDP1882 performs the memory address latch and decoder 
functions Note that the RAM has an output enable (OE) pin 
which eliminates the need for MRD and MWR inputs on the 
latch/decoder Instead, the MRD line is connected directly 


to the RAM output enable (OE) pin 


In Fig. 6 the CDP1882 is used to decode a 16K-byte ROM 
system consisting of four CDM5332s 


92CM-37294R! 


* CEa =CE RAM Nol 
CEg=CE RAM No 2 


Fig. 4 - Minimum 1800-system using the CDP1881 
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PERIPHERALS 


CDP1881, CDP1881C, CDP1882, CDP1882C 


CcDP!882 
LATCH/ 
DECODER 


TO OTHER 
CHIP SELECTS 


ADDRESS 6US 


CDPI800 
SERIES 
CPU 


DATA BUS 
92CM- 36399RI 


Fig. 5 - CDP1800-series system using the CDP1882. 


coPpiss2 
LATCH/ 


DECODER 


ADDRESS BUS 


JP al 


A& 


~All -All AS—All 
Cs2 cs2 cs2 


ADDRESS BUS Wi AO-A7 AO-A7 a AO-A7 


reaieS. COM5332 COM5332 CDM5332 COMS332 
CPU 4Kx8 4K x8 4K x8 
ROM ROM ROM 


erencaneed 


RD 


DATA BUS 
Fig. 6 - 16K-byte ROM systems using the CDP1882. 92CM- 37293 
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SEMICONDUCTOR CDP1883C 


CMOS 7-Bit Latch and Decoder 


February 1992 Memory Interfaces 
Features Description 
e Performs Memory Address Latch And Decoder The CDP1883 is a CMOS 7-bit memory latch and decoder 
Functions Multiplexed Or Non-multiplexed circuit intended for use in CDP1800-series mircoprocessor 


systems. It can serve as a direct interface between the multi- 
plexed address bus of this system and up to four 8K x 8-bit 
memories to implement a 32K-byte memory system. With 
¢ Allows Decoding for Systems Up To 32K Bytes four 4K x 8-bit memories, a 16K-byte system can be 
decoded. 


e Interfaces Directly With the CDP1800-Series 
Mircoprocessors 


The device is also compatible with non-multiplexed address 

bus microprocessors. By connecting the clock input to VDD, 

: : the latches are in the data-following mode and the decoded 
Order Ing Information outputs can be used in general-purpose memory-system 


applications. 
TEMPERATURE 
PACKAGE RANGE 5V 10V 


The CDP 1833 is compatible with CDP1800-series micropro- 
cessors operating at maximum clock frequency. 

Plastic DIP -40°C to +85°C | CDP1883CE 

Burn-In CDP1883CEX =a 


The CDP1883 and CDP1883C are functionally identical. 
They differ in that the CDP1883 has a recommended operat- 
ing voltage range of 4 volts to 10.5 volts and the C version 
has a recommended operating voltage range of 4 volt to 6.5 
volts. 


The CDP1883 and CDP1883C are supplied in 20-lead dual- 
in-line plastic packages (E suffix) 


CMOS 
PERIPHERALS 


Pinout 
20 LEAD DIP 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1507.1 
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Specifications CDP1883, CDP1883C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): 
(All Voltages Referenced to Vsg Terminal) 


GCOPI BSS wes meds h tari Re ew ow aeecaw atten -—0.5V to +11V 
CDP1SSSC ics cette a cae sakes eee yeeel eae —0.5V to +7V 
Input Voltage Range, All inputs ............. —0.5V to Vop +0.5V 
DC Input Current, Any One Input................ 0.00 e eee +10mA 

Power Dissipation Per Package (Pp) 
Ts = 40°C to +60°C (Package Type E).............. 500mw 
Ts = +60°C to +85°C (Package Type E)...... Derate Linearly at 
12mWPC to 200mW 


Device Dissipation Per Output Transistor 


T, = Full Package Temperature Range............... 100mW 
Operating Temperature Range (T,): 

Package Type E.......... ccc cece cece cece —40°C to +85°C 
Storage Temperature Range (Tsig)...--------- —65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX. ... 0... cece ee eee eee eee +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 
DC Operating Voltage Range 
| 


nput Voltage Range 


—S— 
SS 
SS SS 


LIMITS 


UNITS 


Static Electrical Characteristics At T, = -40°C to +85°C, Vpp + 5%, Except as Noted: 


CONDITIONS 


Output High Drive 
(Source) Current 


Output Voltage 
Low-Level (Note 2) 


Output Voltage Vou 
High-Level (Note 2) 


Input Low Voltage Vit 


S 
9 


— 


_—s 


Input High Voltage 


Input Leakage Current 


=k 


=a < 


Operating Current 
(Note 3) 


Minimum Data Vor 
Retention Voltage 


1. Typical values are for Ty = +25°C. 
2. lo. = lon = HA 


LIMITS 
DP1883C 
(Note 1) 


Ele 
>|>/>|5/5 


a 


3/3 
>| > 


: = 
> 


ol 
no] 


on a 


3. Operating current measured at 200KHZz for Vpp = 5V and 400kHz 
for Vpp = 10V, with outputs open circuit. 
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CDP1883, CDP1883C 


MAO(2) > D Q ee (19) As 
mal (3) e iz D Q eS (is) Ag 
MA2 (4) be: ie D Q i (17) Ato 
ma3 (5) ee. 7 D Q > (16) att 
MA4 (6) be. a D Q i (15) Al2 
MAS (7) ce o © +A) | > (14) 50 
oe lease ; 
a = eee ee 
ee) i. =O > OR 2 
cLock (1) be LES | >e (1) cs3 ge 


Vss * (10) 92CM~ 37285 


Fig 1 - Functional diagram for the CDP1883, CDP1883C 


TRUTH TABLES FOR CDP1883, CDP1833C 


EE CER MAS Man ete) eet ieee 


SIGNAL DESCRIPTIONS/PIN FUNCTIONS 


CLOCK: Latch Input Control—a high on the clock input 
will allow data to pass through the latch to the output pin. 
Data is latched on the high-to-low transition of the clock 
input. This pin is connected to TPA in the CDP1800 system 
and tied to Vpp for other applications. 


MAO-MA4: address inputs to the high byte address latches. 


MA5-MAE: high byte address inputs decoded to produce 
chip selects CS0-CS3. 


CE: CHIP ENABLE input. A low on this pin will enable the 
chip select decoder Ahighon this pin forces the CS0, CST, 
CS2, and CS3 outputs to a high (false) state. 


A8-A12: latched high-byte address outputs. 


INPUTS OUTPUTS 
SE | CLK | MA0-6 A8- aie 
GS0-CS3: one of four latched and decoded Chip Select 


outputs. fife. 


Voo, Vss: power and ground pins, respectively. X = DON’T CARE 


; 
PREVIOUS STATE 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp + 5%, t,,tr=20 ns, 
ViH=0.7 Vpp; ViIL=0.3 Vpp, CL=100 pF. See Fig. 2. 


LIMITS 
CHARACTERISTIC 


Minimum Setup Time, 
Memory Address to CLOCK 
Minimum Hold Time, 

Memory Address After CLOCK 


Propagation Delay Times: 5 

Chip Enable to Chip Select 0 
Eee 5 
CLOCK to Chip Select 
CLOCK to Address, 
—_ 5 100 | 175 100 
Memory Address to Chip Select tmacs 10 75 125 _ me 
; 5 80 125 1 

Memory Address to Address MAA 10 40 60 


eTypical values are for Ta = 25°C 
AMaximum limits of minimum characteristics are the values above which all devices function 


VALID CHIP ENABLES 


MAO-MAG6 


CLOCK 
teL_eL 
tcL_cs t MACS 


A&B -Al2 


(b) MEMORY ADDRESS SETUP AND HOLD TIME 
92CM-37284 


Fig. 2 - CDP1883 timing waveforms. 
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APPLICATION INFORMATION 


The CDP1883 and CDP1883C can be interfaced, without 
external components, with CDP1800-series microprocessor 
systems. These microprocessors feature a multiplexed 
address bus and provide an address latch signal (TPA) that 
is used as the Clock input of the CDP1883. 


This signal is used to latch 7 bits of the high-order address. 
The lower five high-order address inputs are latched and 
held to be used with the eight lower-order address inputs to 


COPI1800 
SERIES 
CPU 


COPI837C 
4K x8 


AODRESS 


DATA BUS 


access an 8K x 8-bit memory. The two upper high-order 
address inputs are latched and decoded for use as chip 
selects. 


The latched address and decoding functions of the CDP1883 
and CDP1883C allow them to operate with 32K-byte memory 
systems. In addition, smaller memory systems can be 
configured with 4K x 8-bit or smaller memories, or a mix of 
memory sizes up to 8K x 8-bit. 


BUS 


CDM6264 
8K x8 
RAM 


COP 1883 
LATCH/ 
DECODER 


92CM- 37281 


Fig 3 - Minimum 1800-system using the CDP1883 to interface with an 8K x 8-bit memory. 


COPI883 
LATCH/ 
DECODER 


ADDRESS BUS 


DATA BUS 


COM5364 
8Kx8 8Kx8 
ROM ROM ROM 


CDM5364 COM5364 


8Kx8 


92CM-37282 


Fig 4 - 32K-byte ROM system using the CDP1883 
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GENERAL DESCRIPTION 


The ICM7170 real time clock is a microprocessor bus 
compatible peripheral, fabricated using Harris’ silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data I/O circuitry. The clock is set or read by accessing the 
8 internal separately addressable and programmable coun- 
ters from 1/100 seconds to years. The counters are con- 
trolled by a pulse train divided down from a crystal oscillator 
circuit, and the frequency of the crystal is selectable with 
the on-chip command register. An extremely stable oscilla- 
tor frequency is achieved through the use of an on-chip reg- 
ulated power supply. 


The device access time (tacc) of 300ns eliminates the 
need for wait states or software overhead with most micro- 
processors. Furthermore, an ALE (Address Latch Enable) 
input is provided for interfacing to microprocessors with a 
multiplexed address/data bus. With these two special fea- 
tures, the ICM7170 can be easily interfaced to any available 
microprocessor. 


The ICM7170 generates two types of interrupts, periodic 
and alarm. The periodic interrupt (100Hz, 10Hz, etc.) can be 
programmed by the internal interrupt control register to pro- 
vide 6 different output signals. The alarm interrupt is set by 
loading an on-chip 51-bit RAM that activates an interrupt 
output through a comparator. The alarm interrupt occurs 
when the real time counter and alarm RAM time are equal. 
A status register is available to indicate the interrupt source. 


An on-chip Power-Down Detector eliminates the need for 
external components to support the battery back-up func- 
tion. When a power-down or power failure occurs, internal 
logic switches the on-chip counters to battery back-up oper- 
ation. Read/write functions become disabied and operation 
is limited to time-keeping and interrupt generation, resulting 
in low power consumption. 


Internal latches prevent clock roll-over during a read cy- 
cle. Counter data is latched on the chip by reading the 
100th-seconds counter and is held indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 


ORDERING INFORMATION 


Number Range 
ICM7170IPG 
\CM71701DG 24-Pin Ceramic 
ICM71701BG 24-Pin SOIC 
ICM7170MDG 24-Pin Ceramic 
\CM7170AIPG 24-Pin Plastic Dip 
ICM7170AIDG 24-Pin Ceramic 
\CM7170AIBG 24-Pin SOIC 
ICM7170AMDG 24-Pin Ceramic 


“A” Parts Screened to <5 vA Istpy @ 32 KHz 


Package 


24-Pin Plastic Dip 


ICM7170 
uP—-Compatible 
Real-Time Clock 


FEATURES 


© 8-Bit ».P Bus Compatible 
—Multiplexed or Direct Addressing 


© Regulated Oscillator Supply Ensures Frequency 
Stability and Low Power 


® Time From 1/100 Seconds to 99 Years 
® Software Selectable 12/24 Hour Format 


© Latched Time Data Ensures No Roll-Over During 
Read 


© Full Calendar With Automatic Leap Year Correction 
© On-Chip Battery Backup Switchover Circuit 
© Access Time Less Than 300ns 


© 4 Programmable Crystal Oscillator Frequencies over 
industrial Temp Range 


© 3 Programmable Crystal Oscillator Frequencies over 
Military Temp Range 


® On-Chip Alarm Comparator and RAM 


© Interrupts from Alarm and 6 Selectable Periodic 
intervals 


© Standby Micro-Power Operation: 1.2,,A Typical at 
3.0V and 32kHz Crystal 


APPLICATIONS 


© Portable and Personal Computers ¢ Data Logging 
© Industrial Control Systems ¢ Point Of Sale 


Plastic & Ceramic 


(CM 7170 


141_J Veacaur 
131 | Vss (GND) 


19 
ICM 7170 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE 
NOTE Ail typical values have been charactenzed but are not tested 


File Number 3019 


ICM7170 


ABSOLUTE MAXIMUM RATINGS 


BUDDY VONAGE... dc ecitina te dasee tees teee sae eiha ed 8V Operating Temperature ............... — 40°C to + 85°C 
Power Dissipation (Note 1)................00000s 500mW Storage Temperature ................ —65°C to + 150°C 
Input Voltage (Any Terminal) Lead Temperature (Soldering, 10sec) ............. 300°C 
(NOt@ 2). 4 skeeieeeese eee Vpp +0.3V to Vssg —0.3V 


NOTE 1: Ta= 25°C. 


NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal at voltages greater than Vpp or less than Vsg may-cause destructive 
device latchup For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the device before its 
supply is established, and that in multiple supply systems, the supply to the 1CM7170 be turned on first 


NOTE: Stresses above those listed under “‘Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


OSCILLATOR 
CRYSTAL 
Osc OSC 
OUT IN 


eivietesijion [oot ear aRTE OOH COUNTERS 
iS SEC | MIN eivietesijion [oot ear aRTE OOH DAY | DATE | MON | YEAR 


ADDRESS 
INPUTS 
AgAs 


Figure 2: Functional Diagram 


ELECTRICAL CHARACTERISTICS 


DC CHARACTERISTICS 
(Ta= — 40°C to + 85°C, Vpp= + 5V +10%, Vegackup=Vopp: Vss = OV unless otherwise specified) 


All Ipp specifications include all input and output leakages (7170 and 7170A) 
Specification 


jsrmet | Paemeter 
Fosc = 1, 2, 4MHz : 


Test Conditions 


Fosc = 32kHz 

Pins 1-8, 15-22 & 24 = Vop 
Vpp = Vss; Vaackup = Vpp — 3.0V 
For 7170A See General Note (5) 


ISTBY(1) Standby Current 


Fosc = 4MHz 
Pins 1-8, 15-22 & 24 = Vop 
Vpp = Vssi Veackup = Vpp — 3.0V 


Fosc = 32kHz 

Operating Supply Current Read/Write Operation at 100Hz on a 
Fosc = 32kHz 

operating SUEY uirent Read/Write Operation at 1MHz | | so | 20] ma 


“A” Parts Screened to <5 nA Istpy @ 32 KHz 


ISTBY(2) Standby Current 


NOTE All typical values have been charactenzed but are not tested 
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ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 


(Ta= — 40°C to + 85°C, Vop= + 5V +10%, Veacxup= Vpp: Vss = OV unless otherwise specified) (Continued) 
All Ipp specifications include all input and output leakages (7170 and 7170A) 


Specification 
[ome [ee Ten te 
| Vi___|_Inputlow voltage (ExceptOsc.) | Vpp=5.0V = (“as | CC] CT TC 
Vin | Inputhigh voltage (ExceptOsc.) | Vpp=50V ss | 24 || TC 
Output low voltage (Except Osc.) | Inn=1emA | | | 
vo ammapraeecers [oreo Pee [| 
n | Inputleakage current | Vin=VoporVss_ | 10 | 0.5 | +10 | A 
lou) | Tristate leakage current (Dp-D7) | Vo=VoporVss | 10 | 05 | +10 | WA 
| Veatreny | BackupBatteryVoltage | Foso=1,2,4MHz | 26 | | Vpp-1.3 | OV 
| Veatrery | BackupBatteryVoltage =| Fosc=32kHz | 19 | | Vp 3 | OV 
eee [fo 
faeces ee 
ae ae 
aera OS 
aes eee 


AC CHARACTERISTICS (Ta = —40°C to + 85°C, Vp = +5V +10%, Veackup= Vpp, Do-D7 Load 
Capacitance = 150pF, Vj, = 0.4V, Vj4=2.8V unless otherwise specified) 


|___Symbol__ Parameter pin Max | Units 


READ CYCLE TIMING 


| tg | READtoDATAvaid | Ts 
| taco | ADDRESS validtoDATAvaid | | 800 | ts 
| tye | READ ycletime | 40 | ts 
| tm | Readhightime Tt 
| ty | RDhhightobustristate | | ts 
| tas | ADDRESStoREADsetuptime | 50 | | ts 
| te | ADDRESSHOLDtimeafterREAD | | | ts 
| tag | ADDRESS validtoWRITE strobe | 50 | ts 
| twa | ADDRESSholdtimetorwRiTe | | | ts 
| tw | WRITE pulsewidth, low | 100 || ts 
| twh | WRITEightime || ts 
| ty | DATAINtOWRITEsetuptime | 00, | | ts 
| twa | DATAINholdtimeafterwriTe | 80 | Ts 
[tye | ITE cycietime | too ts 


MULTIPLEXED MODE TIMING 
ALE Pulse Width, High 


ADDRESS to ALE set up time SESE ee ee, ee ee 


ADDRESS hold time after ALE 


NOTE. All typical values have been characterized but are not tested 
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READ CYCLE TIMING FOR NON-MULTIPLEXED BUS (ALE = Vip, WR = Vin) 


MMS ___anness aus OM RL LL LLL 


. 7 


teye 


K— ta 


WRITE CYCLE TIMING FOR NON-MULTIPLEXED BUS (ALE = Vjy, RD = Vin) 


PERIPHERALS 


INPUT DATA VALID > ee cee ee ee oe ee oe oe 


Figure 3: Timing Diagrams — Nonmultiplexed Bus 


NOTE Alt typical values have been charactenzed but are not tested 
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READ CYCLE TIMING FOR MULTIPLEXED BUS (WR = Vin) 


Ap-Ag, Do-07 CS ———— ADDRESS VALID, CS Low 


Ag-Aa, Do-D7 C§ == — = 4 


SS ee OUTPUT DATA VALID > ——— = 


> oe ee Gee Ce cee eon 


NOTE: The AO to A4 address inputs may be connected to the DO to D4 data lines when a multiplexed bus ts used. 


Figure 4: Timing Diagrams — Multiplexed Bus 


Table 1: Pin Description 


Description 
Write input 


N 


> 
~“ —_ 


NOTE. All typical values have been charactenzed but are not tested 
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DETAILED DESCRIPTION 


Oscillator 


The ICM7170 has an onboard CMOS Pierce oscillator 
with an internally regulated voltage supply for maximum ac- 
curacy, stability, and low power consumption. It operates at 
any of four popular crystal frequencies: 32.768kHz, 
1.048576MHz, 2.097152MHz, and 4.194304MHz.* The 
crystal should be designed for the parallel resonant mode of 
oscillation. In addition to the crystal, 2 or 3 load capacitors 
are required, depending on the circuit topology used. 


The oscillator output is divided down to 4000Hz by one of 
four divider ratios, determined by the two frequency selec- 
tion bits in the Command Register (DO and D1 at address 
$11). This 4000HZz is then divided down to 100Hz, which is 
used as the clock for the counters. 


Time and calendar information is provided by 8 consecu- 
tive, programmable counters: 100ths of seconds, seconds, 
minutes, hours, day of week, date, month, and year. The 
data is in binary format with 8 bits per digit. See Table 4 for 
address information. Any unused bits are held to a logic “0” 
during a read and ignored during a write operation. 


*NOTE: 4.194304Ml is not available over military temperature range. 


ICM7170 


Alarm Compare RAM The periodic interrupts can occur concurrently and in ad- 


; dition to alarm interrupts. The periodic interrupts are con- 
On the chip are 51 bits of Alarm Compare RAM grouped Sa : 
into words of different lengths. These are used to store the trolled by bits in the interrupt mask register, and are enabled 


é 7 by setting the appropriate bit to a “1’’ as shown in Table 5. 
time, ranging from 100ths of seconds to years, for compari Bits D1 through D6 in the mask register, in conjunction with 
son to the real-time counters. Each counter has a corre- 


sponding RAM word. In the Alarm Mode an interrupt is gen- bits D1 through D6 of the status register, control the gener- 
erated when the current time is equal to the alarm time. The ation of Interrupts according to Figure 5. 


RAM contents are compared to the counters on a word by The interrupt status register, when read, indicates the cause 
word basis. If a comparison to a particular counter is unnec- of the interrupt and resets itself on the rising edge of the RD 
essary, then the appropriate ‘M’ bit in Compare RAM should signal. When any of the counters having a corresponding bit 
be set to logic “1”. in the status register increments, that bit is set to a “1” 


regardless of whether the corresponding bit in the interrupt 


The ‘M’ bit, referring to Mask bit, causes a particular RAM mask register is set or not. 


word to be masked off or ignored during a compare. Table 4 


shows addresses and Mask bit information. Consequently, when the status register is read it will always 
earn indicate which counters have increments and if an alarm 
Periodic Interrupts compare occurred, since the last time it was read. This re- 
The interrupt output can be programmed for 6 periodic quires some special software considerations. If a slow inter- 
signals: 100 Hz, 10 Hz, once per second, once per minute, rupt is enabled (i.e. hourly or daily), the program must al- 
once per hour, or once per day. The 100 Hz and 10 Hz ways check the slowest interrupt that has been enabled 
interrupts have instantaneous errors of +2.5% and first, because all the other lower order bits in the status 
+0.15% respectively. This is because non-integer divider register will be set to “1” as well. 
circuitry is used to generate these signals from the crystal Bit D7 is the global interrupt bit, and when set to a “1”, 
frequency, which is a power of 2. The time average of these indicates that the 7170 did indeed generate a hardware in- 
errors over a 1 second period, however, is zero. Conse- terrupt. This is useful when other interrupting devices in ad- 
quently, the 100 Hz or 10 Hz interrupts are not suitable as dition to the 7170 are attached to the system microproces- 
an aid in tuning the oscillator; the 1 second interrupt must sor, and all devices must be polled to determine which one 
be used instead. generated the interrupt. 
See General Note (6). See General Note (6). 


Table 2: Command Register Format 


COMMAND REGISTER ADDRESS (10001b, 11h) WRITE-ONLY 


por {| o | os | lm | Te 
Normal/Test Interrupt 12/24 Hour Crystal Crystal 
/ 
Table 3: Command Register Bit Assignments 
Interrupt 24/12 Hour Crystal 
PO Normal Mode fo | interrupt disabled | 0 | Stop | 12 hour mode cake 32.768kHz 
24 hour mode ee 


NOTE. All typical values have been charactenzed but are not tested. 
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Table 4: Address Codes and Functions 


pA | a3 | az | at | Ao | HEX” 
0 0 0 0 00 Counter-1/100 seconds 
Counter-hours 

12 Hour Mode 
Counter-minutes 
Counter-seconds 
Counter-month 
Counter-date 
Counter-year 
Counter-day of week 
RAM-1/100 seconds 
RAM-hours 

12 hour Mode 
RAM-minutes 
RAM-seconds 
RAM-month 
RAM-date 
RAM-year 
RAM-day of week 
Interrupt Status 
and Mask Register 
Command register 


oO 
oO 
ome) 
o 


= ! 


0 
0 
0 
0 
0 
0 
0 
0 


~-=-0O00000 
oo-+-+++00 
oor+?00=- — 
- O- 0O- 0->+ © 


* 


o0o00 CO CO 
— st tt OO 
“+ §-=- OO — — 
=—-O--8 0-0 
+ SH E82E28E 


— 
oO 
oO 


= 
co) 
—_ 


NOTES: Addresses 10010 to 11111 ( 12h to 1Fh) are unused 
‘+’ Unused bit for Interrupt Mask Register, MSB bit for Interrupt Status Register. 
‘~’ Indicates unused bits. 
‘*” AM/PM indicator bit in 12 hour format Logic “0” indicates AM, logic ‘‘1” indicates PM 
‘M’ Alarm compare for particular counter will be enabled if bit is set to logic ‘‘0”’. 


Table 5: Interrupt and Status Registers Format 


INTERRUPT MASK REGISTER ADDRESS (10000b, 10h) WRITE-ONLY 
es a 1/10sec._ | 1/100 sex. 


Alarm/ Compare 
_—> 
=e Periodic Interrupt Mask Bits 


INTERRUPT STATUS REGISTER ADDRESS (10000b, 10h) READ-ONLY 


| CINTERRUPTSTATUS REGISTER ADDRESS (100006, 10h) READ-ONLY 
a 


Global Day Hour Sec. 1/10 sec. 1/100 sec. Alarm 
Interrupt 


Periodic Alarm 
and Compare 

Alarm Flag 
Flags 


Periodic Interrupt Flags 


NOTE All typical values have been charactenzed but are not tested’ 
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Interrupt Operation 


The Interrupt Output N-channel MOSFET (Figure 5) is 
ehabled whenever both the Interrupt Enable bit (D4 of the 
Command Register) and a mask bit (DO-D6 of the Interrupt 
Mask Register) are set. The transistor is turned ON when a 
flag bit is set that corresponds to one of the set mask bits. 
This also sets the Global Interrupt Flag Bit (D7 of the Inter- 
rupt Status Register). It is turned OFF when the Interrupt 
Status Register is read. An interrupt can occur in both the 
operational and standby modes of operation. 


Since system power is usually applied between Vpp and 
Vss, the user can connect the Interrupt Source (pin #11) to 
Vss. This allows the Interrupt Output to turn on only while 
system power is applied and will not be pulled to Vss during 
standby operation. If interrupts are required only during 
standby operation, then the interrupt source pin should be 
connected to the battery’s negative side (Vgackup). In this 
configuration, for example, the interrupt could be used to 
turn on power for a cold boot. 


Power-Down Detector 


The ICM7170 contains an on-chip power-down detector 
that eliminates the need for external components to support 


| PERIODIC INT’ MASK BITS | 


wow 
REGISTER 


wane BPP PPT De 
REGISTER 


| PERIODIC INT’ FLAGS | 
GLOBAL INTERRUPT FLAG BIT 


ICM7170 


the battery-backup switchover function, as shown in Figure 
6. Whenever the voltage from the Vss pin to the Vgacxup 
pin is less than approximately 1.0V (the Vip, of the N-chan- 
nel MOSFET), the data bus |/O buffers in the 7170 are au- 
tomatically disabled and the chip cannot be read or written 
to. This prevents random data from the microprocessor be- 
ing written to the clock registers as the power supply is go- 
ing down. 

Actual switchover to battery operation occurs when the 
voltage on the Vgacxup Pin is within +50 mV of Vss. This 
switchover uncertainty is due to the offset voltage of the 
CMOS comparator that is used to sense the battery voltage. 
During battery backup, device operation is limited to time- 
keeping and interrupt generation only, thus achieving micro- 
power current drain. If an external battery-backup switch- 
over circuit is being used with the 7170, or if standby battery 
operation is not required, the Vgackxup pin should be pulled 
up to Vpp through a 2k resistor. 


ALARM MASK BIT 


RD OF ADD HEX 10 => RESET 


INTERRUPT 
ALARM FLAG BIT ENABLE 
COMMAND 
REGISTER 
BIT D4 


Figure 5: Interrupt Output Circuit 


NOTE All typical values have been charactenzed but are not tested 


CMOS 
PERIPHERALS 


Time Synchronization 


Time synchronization is achieved through bit D3 of the 
Command Register, which is used to enable or disable the 
100Hz clock from the counters. A logic “1” allows the coun- 
ters to function and a logic “0” disables the counters. To 
accurately set the time, a logic “0’”’ should be written into D3 
and then the desired times entered into the appropriate 
counters. The clock is then started at the proper time by 
writing a logic “1” into D3 of the Command Register. 


Latched Data 


To prevent ambiguity while the processor is gathering 
data from the registers, the ICM7170 incorporates data 
latches and a transparent transition delay circuit. 


By accessing the 100ths of seconds counter an internal 
store signal is generated and data from all the counters is 
transferred into a 36-bit latch. A transition delay circuit will 
delay a 100Hz transition during a READ cycle. The data 
stored by the latches is then available for further processing 
until the 100ths of seconds counter is read again. If a RD 
signal is wider than 0.01 sec., 100Hz counts will be ignored. 


Control Lines 


The RD, WR, and CS signals are active low inputs. Data 
is placed on the bus from counters or registers when RD is 
a logic “0”. Data is transferred to counters or registers 
when WR is a logic “0”. RD and WR must be accompanied 
by a logical “0” CS as shown in Figures 3 and 4. The 7170 
will also work satisfactorily with CS grounded. In this mode, 


access to the 7170 is controlled by RD and WR only. 


POSITIVE SUPPLY RAIL 
(#5V) 


V, 
DIGITAL GROUND 
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With the ALE (Address Latch Enable) input, the ICM7170 
can be interfaced directly to microprocessors that use a 
multiplexed address/data bus by connecting the address 
lines AO-A4 to the data lines DO-D4. To address the chip, 
the address is placed on the bus and ALE is strobed. On the 
falling edge, the address and CS information is read into the 
address latch and buffer. RD and WR are used in the same 
way as on a non-multiplexed bus. If a non-multiplexed bus is 
used, ALE should be connected to Vpp. 


Test Mode 


The test mode is entered by setting D5 of the Command 
Register to a logic ‘‘1”. This connects the 100Hz counter 
directly to the oscillator’s output. 


Oscillator Considerations 


Load Design: A new oscillator load configuration, shown 
in Figure 7, has been found that eliminates startup problems 
sometimes encountered with 32kHz tuning fork crystals. 


Two conditions must be met for best oscillator performance: 
the capacitive load must be matched to both the inverter and 
crystal to provide the ideal conditions for oscillation, and the 
resonant frequency of the oscillator must be adjustable to the 
desired frequency. In the original design (Figure 8), these two 
goals were often at odds with each other; either the oscillator 
was trimmed to frequency by detuning the load circuit, or 
stability was increased at the expense of absolute frequency 
accuracy. 


(70 DISABLE 


Vic 
INTERNAL GROUND 


Figure 6: Simplified 7170 Battery Backup Circuit 


NOTE All typical values have been charactenzed but are not tested 


The new load configuration (Figure 7) allows these two 
conditions to be met independently. The two load capaci- 
tors, Cy and Co, provide a fixed load to the oscillator and 
crystal. C3 adjusts the frequency that the circuit resonates 
at by reducing the effective value of the crystal’s motional 
capacitance, Cp. This minute adjustment does not appreci- 
ably change the load of the overall system, therefore stabil- 
ty is no longer affected by tuning. Typical values for these 
Capacitors are shown in Table 6. C1 and Co must always be 
greater than twice the crystal’s recommended load capaci- 
tance in order for C3 to be able to trim the frequency. Some 
experimentation may be necessary to determine the ideal 
values of C1 and Co for a particular crystal. 


This three capacitor tuning method will be more stable than 
the original design and is mandatory for 32 kHz tuning fork 
crystals: without it they may leap into an overtone mode when 
power is initially applied. 

The original two-capacitor circuit (Figure 8) will continue to 
work as well as it always has, and may continue to be used 
in applications where cost or space is a critical considera- 
tion. It is also easier to tune to frequency since one end of 
the trimmer capacitor is fixed at the AC ground of the circuit 
(Vpp), minimizing the disturbance cause by contact between 
the adjustment tool and the trimmer capacitor. Note that in 
both configurations the load capacitors are connected bet- 
ween the oscillator pins and Vpp—do not use Vsg as an 
AC ground. 


Table 6: Typical Load Capacitor Values 


Crystal Load Caps Trimmer Cap 
Frequency (C4, Co) (C3) 


Layout: Due to the extremely low current (and therefore 
high impedance) design of the ICM7170’s oscillator, special 
attention must be given to the layout of this section. Stray 
capacitance should be minimized. Keep the oscillator traces 
on a single layer of the PCB. Avoid putting a ground plane 
above or below this layer. The traces between the crystal, 
the capacitors, and the 7170 OSC pins should be as short 
as possible. Completely surround the oscillator components 
with a thick trace of Vpp to minimize coupling with any digi- 
tal signals. The final assembly must be free from contami- 
nants such as solder flux, moisture, or any other potential 
sources of leakage. A good solder mask will help keep the 
traces free of moisture and contamination over time. 


Oscillator Tuning 


Trimming the oscillator should be done indirectly. Direct 
monitoring of the oscillator frequency by probing OSC IN or 
OSC OUT is not accurate due to the capacitive loading of 
most probes. One way to accurately trim the 7170 is by 
turning on the 1 second periodic interrupt and trimming the 
oscillator until the interrupt period is exactly one second. 
This can be done as follows: 


1) Turn on the system. Write a $00 to the Interrupt Mask 
Register (location $10) to clear all interrupts. 

2) Set the Command Register (location $11) for the appro- 
priate crystal frequency, set the Interrupt Enable and 
Run/Stop bits to 1, and set the Test bit to 0. 


NOTE All typical values have been characterized but are not tested 
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3) Write a $08 to the Interrupt Mask Register to turn on the 
1 second interrupt. 


4) Write an interrupt handler to read the Interrupt Status 
Register after every interrupt. This resets the interrupt 
and allows it to be set again. A software loop that reads 
the Interrupt Status Register several times each second 
will accomplish this also. 


5) Connect a precision period counter capable of measur- 
ing 1 second within the accuracy desired to the interrupt 
output. If the interrupt is configured as active low, trigger 
on the falling edge. If the interrupt is active high, trigger 
on the rising edge. Be sure to measure the period be- 
tween when the transistor turns ON, and when the tran- 
sistor turns ON a second later. 


6) Adjust C3 (Co for the two-capacitor load configuration) 
for an interrupt period of exactly 1.000000 seconds. 


ICM7170 


0372-13 
Figure 7: New Oscillator Configuration 


C;, ~ 2 X Load 
Co = 5-35 pF 


1CM7170 


0372-14 
Figure 8: Original Oscillator Configuration 


APPLICATION NOTES 


Digital Input Termination During Backup 


To ensure low current drain during battery backup opera- 
tion, none of the digital inputs to the 7170 should be al- 
lowed to float. This keeps the input logic gates out of their 
transition region, and prevents crossover current from flow- 
ing which will shorten battery life. The address, data, CS, 
and ALE pins should be pulled to either Vpp or Vsg, and the 
RD and WR inputs should be pulled to Vpp. This is neces- 
sary whether the internal battery switchover circuit is used 
or not. 
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IBM/PC Evaluation Circuit 


Figure 9 shows the schematic of a board that has been 
designed to plug into an IBM PC/XT* or compatible computer. 
In this example CS is permanently tied low and access to 
the chip is controlled by the RD and WR pins. These signals 
are generated by U1, which gates the IBM’s IOR and IOW 
with a device select signal from U3, which is functioning as 
an I/O block address decoder. DS1 selects the interrupt 
priority. 

U5 is used to isolate the ICM7170 from the PC databus for 
test purposes. It is only required on heavily-loaded TTL 
databusses—the ICM7170 can drive most TTL and CMOS 
databusses directly. 


A11 AEN 


S1 
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Since the IBM PC/XT* requires a positive interrupt tran- 
sition, the 7170’s interrupt output transistor has been con- 


figured as a source follower. As a source follower, the inter- 
rupt output signal will swing between OV and 2.5V. When 
trimming the oscillator, the frequency counter must be trig- 
gered on the rising edge of the interrupt signal. 
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Figure 9: IBM PC Interface for ICM7170 


*|BM, IBM PC, and IBM XT are trademarks of IBM Corp. 


NOTE: All typical values have been charactenzed but are not tested 
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GENERAL NOTES: 


(1) TIME ACCESS 

To update the present time registers (Hex 00-07) the 
1/100 register must be read first. The 7 real time coun- 
ter registers (Hours, Minutes, Seconds, Month, Date, 
Day, and Year) data are latched only if the 1/100 sec- 
ond counter register is read. The 1/100 seconds data 
itself is not latched. The real time data will be held in 
the latches until the 1/100 seconds is read again. See 
the data sheet section on LATCHED DATA. None of 
the RAM data is latched since it is static by nature. 


(2) REGULATED OSCILLATOR 

The oscillators power supply is voltage regulated 
with respect to Vqg. In the 32 kHz mode the regulator’s 
amplitude is >Vtn+ Vtp (= 1.8). In the 1, 2, and 4 MHz 
mode the regulator's amplitude is {Vtn+Vtn+ Vip 
(= 2.6V). As a result, signal conditioning is necessary to 
drive the oscillator with an external signal. In addition, it 
is also necessary to buffer the oscillator’s signal to drive 
other external clocks because of its reduced amplitude 
and offset voltage. 


(3) INTERNAL BATTERY BACKUP 

When the 7170 is using its own internal battery back- 
up circuitry, no other circuitry interfaced to the 7170 
should be active during standby operation. When Vgqq 
(+5V) is turned off (Standby operation), Vqq should 
equal Vs, = OV. All 7170 I/O should also equal Vss. At 
this time, the Vbackup pin should be 2.8V to 3.5V below 
Vss when using a Lithium battery. 


(4) EXTERNAL BATTERY BACKUP 

The 7170 may be placed on the same power supply 
as battery-backed up RAM by keeping the 7170 in its 
operational state and having an external circuit switch 
between system and backup power for the 7170 and 
the RAM. In this case Vaackup Should be pulled up to 
Vpp through a 2k resistor. Although the 7170 is always 
“on” in this configuration, its current consumption will 
typically be less than a microamp greater than that of 
standby operation at the same supply voltage. (See 
Note 9.) 

Proper consideration must be given to disabling the 
7170’s and the RAM’s I/O before system power is re- 
moved. This is important because many microproces- 
sors can generate spurious write signals when their 
supply falls below their specified operating voltage lim- 
its. NANDing CS (or WR) with a POWERGOOD signal 
will create a CS (or WR) that is only valid when system 
power is within specifications. The POWERGOOD sig- 
nal should be generated by an accurate supply monitor 
such as the ICL7665 under/over voltage detector. 

An alternate method of disabling the 7170’s |/O is to 
pull Vgackup down to under a volt above Vss (Vss < 
Veackup < 1-0V). This will cause the 7170 to internally 
disable all |/O. Do not allow Veacxyup to equal Vss, 
since this could cause oscillation of the battery backup 
comparator (See Figure 6). Vgaackup = Vss + 0.5V 
will disable the !/O and provide enough overdrive for 
the comparator. 

(5) 7170A PART 

The 7170A part is binned at final test for a 32.768 
kHz maximum current of 5 wA. All other specifications 
remain the same. 


NOTE All typical values have been charactenzed but are not tested 
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(6) INTERRUPTS 

The Interrupt Status Register (address $10) always 
indicates which of the real time counters have been in- 
cremented since the last time the register was read. 
NOTE: This is independent of whether or not any mask 
bits are set. 

The status register is always reset immediately after it 
is read. If an interrupt from the 7170 has occurred since 
the last time the status register was read, bit D7 of the 
register will be set. If the source was an alarm interrupt, 
bit DO will also be set. If the interrupt transistor has 
been turned on, reading the Interrupt Status Register 
will reset it. 

To enable the periodic interrupt, both the Command 
Register’s Interrupt Enable bit (D4) and at least one bit 
in the Interrupt Mask Register (D1—D6) must be set to a 
1. The periodic interrupt is triggered when the counter 
corresponding to a mask bit that has been set is incre- 
mented. For example, if you enable the 1 second inter- 
rupt when the current value in the 100ths counter is 57, 
the first interrupt will occur 0.43 seconds later. All sub- 
sequent interrupts will be exactly one second apart. The 
interrupt service routine should then read the Interrupt 
Status Register to reset the interrupt transistor and, if 
necessary, determine the cause of the interrupt (period- 
ic, alarm, or non-7170 generated) from the contents of 
the status register. 

To enable the alarm interrupts, both the Command 
Register’s Interrupt Enable bit (D4) and the interrupt 
Mask Register’s Alarm bit (D0) must be set to a 1. Each 
time there is an exact match between the values in the 
alarm register and the values in the real time counters, 
bits DO and D7 of the Interrupt Status Register will be 
set to a 1 and the N-channel interrupt transistor will be 
turned on. As with a periodic interrupt, the service rou- 
tine should then read the Interrupt Status Register to 
reset the interrupt transistor and, since periodic and 
alarm interrupts may be simultaneously enabled, deter- 
mine the cause of the interrupt if necessary. 

Mask bits: The 7170 alarm interrupt compares the 
data in the alarm registers with the data in the real time 
registers, ignoring any registers with the mask bit set. 
For example, if the alarm register is set to 11-23-95 
(Month-Day-Year), 10:59:00:00 (Hour-Minutes-Sec- 
onds-Hundredths), and DAY = XX (XX = masked off), 
the alarm will generate a single interrupt at 10:59 on 
November 23, 1995. If the alarm register is set to 11- 
XX-95, 10:XX:00:00, and DAY = 2 (2 = Tuesday); the 
alarm will generate one interrupt every minute from 
10:00-10:59 on every Tuesday in November, 1995. 

NOTE: Masking off the 100ths of a second counter has the same effect as 

setting it to 00. 

(7) RESISTOR IN SERIES WITH BATTERY 

A 2k resistor (R2) must be placed in series with the 
battery backup pin of the 7170. The UL laboratories 
have requested the resistor to limit the charging and 
discharging current to the battery. The resistor also 
serves the purpose of degenerating parasitic SCR ac- 
tion. This SCR action may occur if an input is applied to 
the 7170, outside of its supply voltage range, while it is 
in the standby mode. 
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(9) SUPPLY CURRENT 
7170 supply current is predominantly a function of 


GENERAL NOTES: (Continued) 
(8) Vgackup DIODE 


Lithium batteries may explode if charged or if dis- 
charged at too high a rate. These conditions could oc- 
cur if the battery was installed backwards or in the case 
of a gross component failure. A 1N914-type diode 
placed in series with the battery as shown in Figure 9 
will prevent this from occurring. A resistor of 2 MQ or so 
should parallel the diode to keep the Vaackup terminal 
from drifting toward the Vss terminal and shutting off 
7170 I/O during normal operation. 


NOTE. All typical values have been charactenzed but are not tested 
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oscillator frequency and databus activity. The lower the 
oscillator frequency, the lower the supply current. When 
there is little or no activity on the data, address or control 
lines, the current consumption of the 7170 in its opera- 
tional mode approaches that of the backup mode. 
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Features 


e Fully Compatible with Harris 82C37A 

- 82C237 May be Used in 8MHz and 12.5MHz 82C37A 
Sockets 

Optimized for 10MHz and 12.5MHz 80C286 Systems 


e Special Mode Permits 16-Bit, Zero Wait State DMA 
Transfers 


e High Speed Data Transfers: 
- Up to 6.25 MBytes/sec with 12.5MHz Clock in 
Normal Mode 
- Up to 12.5 MBytes/sec with 12.5MHz Clock in 16-Bit 
Mode 


Compatible with the NMOS 8237A 


Four Independent Maskable Channels with Autoinitial- 
ization Capability 


e Cascadable to any Number of Channels 


¢ Memory-to-Memory Transfers 


Static CMOS Design Permits Low Power Operation 
- ICCSB = 10nA Maximum 
- ICCOP = 2mA/MHz Maximum 


Fully TTL/CMOS Compatible 


Internal Registers may be Read from Software 


Ordering Information 


Piastic DIP 


Ceramic DIP 
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Description 


The 82C237 is a modified version of the 82C37A. The 
82C237 is fully software and pin for pin compatible with the 
82C37A but provides an additional mode for 16-bit DMA 
transfers, as well as enhanced speed. Each channel may be 
individually programmed for 8-bit or 16-bit data transfers. 


The 82C237 controller can improve system performance by 
allowing external devices to transfer data directly to or from 
system memory. Memory-to-memory transfer capability is 
also provided, along with a memory block initialization fea- 
ture. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable 
with a variety of features for flexible operation. 


The 82C237 is designed to be used with an external address 
latch, such as the 82C82, to demultiplex the most significant 
8 bits of address. An additional latch is required to 
temporarily store the most significant 8 bits of data if 16-bit 
memory-to-memory transfers are desired. The 82C237 can 
be used with industry standard microprocessors such as 
80C286, 80286, 80C86, 80C88, 8086, 8088, 8085, Z80, 
NSC800, 80186 and others. Multimode programmability 
allows the user to select from three basic types of DMA 
services, and reconfiguration under program control is 
possible even with the clock to the controller stopped. Each 
channel has a full 64K address and word count range, and 
may be programmed to autoinitialize these registers 
following DMA termination (end of process). 
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Pinouts 
40 LEAD DIP 
TOP VIEW 
i0R 40] A7 
Tow | 2 | AG 
MENR | 3 | AS 
MEMWw | 4 | A4 
*DWLE | 5 | EOP 
READY | 6 | A3 
HLDA A2 
ADSTB At 
AEN AO 
HRQ 11Vcc 
cs DBO 
CLK 29] DB1 
RESET DB2 
DACK2 DB3 
DACK3 26] DB4 
| DREQ3 DACKO 
| DREQ2 DACK1 
DREQ1 DB5 
DREQO 22] DBG6 
(GND) Vgg }20} DB7 


Block Diagram 
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* See Pin Description 
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(4 x 6) (8) (8) 
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Pin Description 
TABLE 1. 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 
VCC: is the +5V power supply pin. A 0.1uF capacitor between pins 31 and 20 is recommended 
ae Con aes 


Se eee eee 


2 CLOCK INPUT: The Clock Input is used to generate the timing signals which control 82C237 
operations. This input may be driven from DC to 12.5MHz for the 82C237-1 2, or from DC to 8MHz 
for the 82C237. The Clock may be stopped in either state for standby operation. 

cs CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus 
for CPU communications. 


RESET RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set 
to ignore requests. The Data-Width register is set to perform 8-bit transfers on all channels 
(82C237 only). Following a Reset, the controller is in an idle cycle. 


READY READY: This signal can be used to extend the memory read and write pulses from the 820237 to 
accommodate slow memories or I/O devices. Ready must not make transitions during its 


specified set-up and hold times. See Figure 14 for timing. Ready is ignored in verify transfer mode. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the 
rising edge of clock, during which time HLDA must not transition. 


DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line ofa 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is program- 
mable. Reset initializes these lines to active high. DREQ must be maintained until the correspond- 
ing DACK goes active. DREQ will not be recognized while the clock is stopped. Unused DREQ 
inputs should be pulled High or Low (inactive) and the corresponding mask bit set. In 16-bit 
Transfer mode (82C237 only), each DREQ channel may be programmed to perform either 8-bit 
or 16-bit DMA transfers. 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the I/O Read to output the contents 
of a register to the CPU. The outputs are disabled and the inputs are read during an I/O Write 
cycle when the CPU is programming the 82C 237 control registers. During DMA cycles, the most 
significant 8 bits of the address are output onto the data bus to be strobed into an external latch 
by ADSTB. In memory-to-memory operations, data from the memory enters the 82C237 on the 
data bus during the read-from-memory transfer, then during the write-to-memory transfer, the 
data bus outputs write the data into the new memory location. 


HLDA 


DREQO- 
DREQ3 


16-19 


21-23 


DB7 26-30 


/O 1/O READ: 1/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to read the control registers. In the Active cycle, it is an output 
control signal used by the 82C237 to access data from a peripheral during a DMA Write transfer. 
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IOW /O 1/O WRITE: I/O Write is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to load information into the 82C237. In the Active cycle, it is an 
output control signal used by the 82C 237 to load data to the peripheral during a DMA Read transfer. 

EOP 1/0 END OF PROCESS: End of Process (EOP) is an active low bidirectional signal. Information 


concerning the completion of DMA services is available at the bidirectional EOP pin. 


The 82C237 allows an external signal to terminate an active DMA service by pulling the EOP pin 
low. A pulse is generated by the 82C237 when terminal count (TC) for any channel is reached, 
except for channel 0 in memory-to-memory mode. During memory-to-memory transfers, EOP will 
be output when the TC for channel 1 occurs. 


The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up 
resistor to VCC. 


When an EOP pulse occurs, whether internally or externally generated, the 82C237 will terminate 
the service, and if autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for autoinitialize. In that case, the mask bit 
remains clear. 
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Pin Description 


TABLE 1. 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 


AO-A3 32-35 ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 82C237 to address the control register to be loaded or 
read. In the Active cycle, they are outputs and provide the lower 4 bits of the output address. When 
in 16-bit mode (82C 237 only), and the active channel is a 16-bit channel (as defined by the Data- 
Width register), then AO will remain low during the entire transfer (i.e. an even word address will 
always be generated). 


Rascal A7 ae 40 Le eee The four most significant address lines are three-state outputs and provide 4 bits of 


Lae These lines are enabled only during the DMA service. 


HOLD REQUEST: The Hold Request (HRQ) output is used to request control of the system bus. 
DACKO- 14,15 
DACK3 24,25 


When a DREQ occurs and the corresponding mask bit is clear, or a software DMA request is 
made, the 82C237 issues HRQ. The HLDA signal then informs the controller when access to the 
system busses is permitted. For stand-alone operation where the 82C237 always controls the 
busses, HRQ may be tied to HLDA. This will result in one SO state before the transfer. 


DMA ACKNOWLEDGE: DMA acknowledge is used to notify the individual peripherals when one 
has been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to 
active low. 


ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 


ADDRESS STROBE: This is an active high signal used to control latching of the upper address 
byte. It will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be up- 
dated, thus speeding operation through elimination of S1 states. ADSTB timing is referenced to the 
falling edge of the 82C237 clock. 


MEMORY READ: The memory Read signal is an active low three-state output used to access 
data from the selected memory location during a DMA Read or a memory-to-memory transfer. 


MEMORY WRITE: The Memory Write is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a memory-to-memory transfer. 


DATA-WIDTH, LATCH ENABLE: In normal 8-bit transfer mode (16-bit transfer mode not enabled), 
this output is always high impedance tri-stated. In 16-bit transfer mode (82C 237 only), this output 
serves a dual purpose. During S1 cycles, the DWLE output indicates the data width 
(O = 16-bit, 1 = 8-bit) of the active channel. During memory-to-—memory transfers, the DWLE 
output is used to enable an external latch which temporarily stores the 8 most significant bits of 
data during the read-from-memory transfer. DWLE enables this byte of data onto the data bus 
during the write-to-memory transfer of amemory-to-memory operation. 
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Functional Description 


The 82C237 is an improved version of the Harris 82C37A 
DMA controller and is fully software and pin for pin 
compatible with the 82C37A. All operational and pin 
descriptions of the 82C37A apply to the 82C237 with 
additional features noted in the section titled 82C237 
Operation. 


The 82C237 direct memory access controller is designed to 
improve the data transfer rate in systems which must trans- 
fer data from an I/O device to memory, or move a block of 
memory to an {/O device. It will also perform memory-to- 
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided 
to handle single byte transfers as well as discontinuous 
data streams, which allows the 82C237 to control data 
movement with software transparency. 


The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string instruc- 
tions. Memory-to-memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so memory-to-memory 
transfers take place at less than half the rate of I/O 
operations, but still much faster than with central processor 
techniques. The maximum data transfer rates obtainable 
with the 82C237 are shown in Figure 1. 


The block diagram of the 82C237 is shown on page 2. The 
timing and control block, priority block, and _ internal 
registers are the main components. Figure 2 lists the name 
and size of the internal registers. The timing and control 
block derives internal timing from the clock input, and 
generates external control signals. The Priority Encoder 
block resolves priority contention between DMA channels 
requesting service simultaneously. 


82C237 8- 16- 8- 16- 
TRANSFER TYPE ; BIT {| BIT | BIT | BIT 


Compressed 4.00 | 8.00 | 6.25 | 12.5 | MByte/sec 
Normal 1/O 2.67 | 5.34 | 4.17 | 8.34 | MByte/sec 
Memory-to- 1.00 | 2.00 | 1.56 | 3.12 MByte/sec 
Memory 


FIGURE 1. DMA TRANSFER RATES 


DMA Operation 


In a system, the 82C237 address and control outputs and 
data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 
address byte. While inactive, the controller’s outputs are ina 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C237 
drives the busses and generates the control signals to 


perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 
been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 


For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C237 Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
that channel’s Word Count register. The corresponding 
Mode register is programmed for a memory-to-l/O 
operation (read transfer), and various options are selected 
by the Command register and other Mode register bits. The 
channel’s mask bit is cleared to enable recognition of a 
DMA request (DREQ). The DREQ can either be a hardware 
signal or a software command. 


Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous MEMR 
and IOW pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 


16 Bits 
16 Bits 
16 Bits 
16 Bits 
16 Bits 
16 Bits 
8 Bits 
8 Bits 
8 Bits 
6 Bits 
4 Bits 
4 Bits 
4 Blts 


Base Address Registers 

Base Word Count Registers 
Current Address Registers 
Current Word Count Registers 
Temporary Address Register 
Temporary Word Count Register 
Status Register 


Command Register 


Temporary Register 
Mode Registers 
Mask Register 
Request Register 
Data-Width Register* 
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*82C237 only 


FIGURE 2. 82C237 INTERNAL REGISTERS 


To further understand 82C237 operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, active and 
idle. After being programmed, the controller is normally idle 
until a DMA request occurs on an unmasked channel, or a 
software request is given. The 82C237 will then request 
contro! of the system busses and enter the active cycle. 
The active cycle is composed of several internal states, 
depending on what options have been selected and what 
type of operation has been requested. 
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The 82C237 can assume seven separate states, each 
composed of one full clock period. State | (SI) is the idle 
state. It is entered when the 82C237 has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in Sl, 
the DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 


State 0 (SO) is the first state of a DMA service. The 82C237 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C237 may still be programmed 
until it has received HLDA from the CPU. An acknowledge 
from the CPU will signal that DMA transfers may begin. $1, 
S2, S3 and S4 are the working states of the DMA service. If 
more time is needed to complete a transfer than is available 
with normal timing, wait states (SW) can be inserted 
between S3 and S4 in normal transfers by the use of the 
Ready line on the 82C237. For compressed transfers, wait 
states can be inserted between S2 and S4. See timing 
Figures 14 and 15. 


Note that the data is transferred directly from the I/O device 
to memory (or vice versa) with IOR and MEMW (or MEMR 
and IOW) being active at the same time. The data is not read 
into or driven out of the 82C237 in 1!/O-to-memory or 
memory-to-I/O DMA transfers. 


Memory-to-memory transfers require a read-from and a 
write-to memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a 
single transfer. The first four states (S11, $12, $13, $14 are 
used for the read-from-memory half and the last four states 
(S21, S22, S23, S24) for the write-to-memory half of the 
transfer. 


Idle Cycle 


When no channel is requesting service, the 82C237 will 
enter the Idle cycle and perform “SI” states. In this cycle, the 
82C237 will sample the DREQ lines on the falling edge of 
every clock cycle to determine if any channel is requesting a 
DMA service. 


Note that for standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C237. When CS is low and HLDA is low, the 82C237 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by 
reading from or writing to the internal registers. 


The 82C237 may be programmed with the clock stopped, 
provided that HLDA is low and at least one rising clock 
edge has occurred after HLDA was driven low, so the 
controller is in an Sl state. Address lines AO-A3 are inputs to 
the device and select which registers will be read or written. 
The IOR and IOW lines are used to select and time the read 
or write operations. Due to the number and size of the 
internal registers, an internal flip-flop called the First/Last 
Flip-Flop is used to generate an additional bit of address. 
The bit is used to determine the upper or lower byte of the 
16-bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. Separate software 
commands can also set or reset this flip-flop. 


Special software commands can be executed by the 
82C237 in the Program Condition. These commands are 
decoded as sets of addresses with CS, IOR, and IOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 


Active Cycle 


When the 82C237 is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will issue HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA service will 
take place, in one of four modes: 


Single Transfer Mode - In single transfer mode, the device 
is programmed to make one transfer only. The word 
count will be decremented and the address decremented or 
incremented following each transfer. When the word count 
“rolls over” from zero to FFFFH, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 


DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer, HRQ 
will go inactive and release the bus to the system. It will 
again go active and, upon receipt of a new HLDA, another 
single transfer will be performed, unless a higher priority 
channel takes over. In 8080A, 8085A, 80C88, or 80C86 
systems, this will ensure one full machine cycle execution 
between DMA transfers. Details of timing between the 
82C237 and other bus control protocols will depend upon 
the characteristics of the microprocessor involved. 


Block Transfer Mode - In Block Transfer mode, the device 
is activated by DREQ or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EOP) is encountered. DREQ need only be held active until 
DACK becomes active. Again, an Autoinitialization will 
occur at the end of the service if the channel has been 
programmed for that option. 


Demand Transfer Mode - In Demand Transfer mode the 
device continues making transfers until a TC or external 
EOP is encountered, or until DREQ goes inactive. Thus, 
transfers may continue until the I/O device has exhausted 
its data capacity. After the I/O device has had a chance to 
catch up, the DMA service is reestablished by means of a 
DREQ. During the time between services when the 
microprocessor is allowed to operate, the intermediate val- 
ues of address and word count are stored in the 82C237 
Current Address and Current Word Count registers. Higher 
priority channels may intervene in the demand process, 
once DREQ has gone inactive. Only an EOP can cause an 
Autoinitialization at the end of the service. EOP is generated 
either by TC or by an external signal. 


Cascade Mode - This mode is used to cascade more than 
one 82C237 for simple system expansion. The HRQ and 
HLDA signals from the additional 82C237 are connected to 
the DREQ and DACK signals respectively of a channel for 
the initial 82C237. This allows the DMA requests of the 
additional device to propagate through the priority network 
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circuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial 82C237 is used only for prioritizing the additional 
device, it does not output an address or control signals of its 
own. These could conflict with the outputs of the active 
channel in the added device. The initial 82C237 will 
respond to DREQ and generate DACK but all other outputs 
except HRQ will be disabled. An external EOP will be 
ignored by the initial device, but will have the usual effect on 
the added device. 


Figure 3 shows two additional devices cascaded with an 
initial device using two of the initial device’s channels. This 
forms a two-level DMA system. More 82C237s could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 


2ND LEVEL 


80C86/88 
MICRO - 
PROCESSOR 


82C237 


1ST LEVEL 


;HRQ = DREQ 
HLDA DACK 


HRQ 


82C237 


INITIAL DEVICE 820237 


ADDITIONAL 
DEVICES 


FIGURE 3. CASCADED 82C237s 


When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device’s mask bits function normally 
on cascaded channels, so they may be used to inhibit 
second-level services. 


Transfer Types 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and 
Verify. Write transfers move data from an I/O device to the 
memory by activating MEMW and IOR. Read transfers 
move data from memory to an I/O device by activating 
MEMR and IOW. 


are pseudo-transfers. The 82C237 
Read or Write transfers generating 


Verify transfers 
operates as in 


addresses and responding to EOP, etc., however the 
memory and 1!/O control lines all remain inactive. Verify 
mode is not permitted for memory-to-memory operation. 
Ready is ignored during verify transfers. 


Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically 
restored from the Base Address and Base Word Count 
registers of that channel following EOP. The base registers 
are loaded simultaneously with the current registers by the 
microprocessor and remain unchanged throughout the 
DMA service. The mask bit is not set when the channel is in 
Autoinitialize mode. Following Autoinitialization, the channel 
is ready to perform another DMA service, without CPU 
intervention, as soon as a valid DREQ is detected, or 
software request made. 


Memory-to-Memory - To perform block moves of data 
from one memory address space to another with minimum 
of program effort and time, the 820237 includes a memory- 
to-memory transfer feature. Setting bit O in the Command 
register selects channels O and 1 to operate as memory-to- 
memory transfer channels. 


The transfer is initiated by setting the software or hardware 
DREQ for channel 0. The 82C237 requests a DMA service 
in the normal manner. After HLDA is true, the device, using 
four-state transfers in Block Transfer mode, reads data 
from the memory. The channel O Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C237 internal Temporary 
register. Another four-state transfer moves the data to 
memory using the address in channel one’s Current 
Address register and incrementing or decrementing it in 
the normal manner. The channel 1 Current Word Count is 
decremented. 


When the word count of channel 1 decrements to FFFFH, 
a TC is generated causing an EOP output, terminating 
the service, and setting the channel 1 TC bit in the Status 
register. The channel 1 mask bit will also be set, unless 
the channel 1 mode register is programmed for 
autoinitialization. Channel 0 word count decrementing to 
FFFFH will not set the channel 0 TC bit in the status register 
or generate an EOP, or set the channel O mask bit in this 
mode. It will cause an autoinitialization of channel 0, if that 
option has been selected. 


If full Autoinitialization for a memory-to-memory operation 
is desired, the channel 0 and channel 1 word counts must 
be set to equal values before the transfer begins. Otherwise, 
if channel O underflows before channel 1, it will autoinitialize 
and set the data source address back to the beginning of 
the block. If the channel 1 word count underflows before 
channel 0, the memory-to-memory DMA service will termi- 
nate, and channel 1 will autoinitialize but channel 0 will not. 


In memory-to-memory mode, Channel O may be pro- 
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
channel 0 address hold feature is selected by setting bit 1 in 
the Command register. 
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The 82C237 will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (i.e., after an 
$24 state). It should be noted that an external EOP cannot 
cause the channel O Address and Word Count registers to 
autoinitialize, even if the Mode register is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channel 1 registers, if so programmed. Data comparators in 
block search schemes may use the EOP input to terminate 
the service when a match is found. The timing of memory- 
to-memory transfers is found in Figure 13. Memory-to- 
memory operations can be detected as an active AEN with 
no DACK outputs. 


Priority - The 82C237 has two types of priority encoding 
available as software selectable options. The first is Fixed 
Priority which fixes the channels in priority order based 
upon the descending value of their numbers. The channel 
with the lowest priority is 3 followed by 2, 1 and the highest 
priority channel, 0. After the recognition of any one channel 
for service, the other channels are prevented from interfering 
with the service until it is completed. 


The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from 
the channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses is returned to the processor. 


Rotating Priority 


1st 2nd 3rd 
Service Service Service 
highest O 2 «service 3 «service 


1 «service 3 «request 6) 
lowest 2 \e 1 


3 1 2 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents any one channel from monopolizing 
the system. 


Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 82C237. 


Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
82C237 can compress the transfer time to two clock 
cycles. From Figure 12 it can be seen that state S3 is used 
to extend the access time of the read pulse. By removing 
state S3, the read pulse width is made equal to the write 
pulse width and a transfer consists only of state S2 to 
change the address and state S4 to perform the read/write. 
S1 states will still occur when A8-A15 need updating (see 
Address Generation). Timing for compressed transfers is 
found in Figure 15. EOP will be output in S2 if compressed 
timing is selected. Compressed timing is not allowed for 
memory-to-memory transfers. 


Address Generation - In order to reduce pin count, the 
82C237 multiplexes the eight higher order address bits on 


the data lines. State S1 is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C237 
directly. Lines AO-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between CLK, 
AEN, ADSTB, DBO-DB7 and AO-A7. 


During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A& takes place 
in the normal sequence of addresses. To save time and 
speed transfers, the 82C237 executes $1 states only when 
updating of A8-A15 in the latch is necessary. This means 
for long services, S1 states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 


Programming 


The 82C237 will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising clock edge has occurred after HLDA went low. It is 
the responsibility of the host to assure that programming 
and HLDA are mutually exclusive. 


Note that a problem can occur if a DMA request occurs 
on an unmasked channel while the 82C237 is being 
programmed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 when 
channel 1 receives a DMA request. If the 82C237 is 
enabled (bit 2 in the Command register is 0), and channel 1 
is unmasked, a DMA service will occur after only one byte 
of the Address register has been reprogrammed. This 
condition can be avoided by disabling the controller (setting 
bit 2 in the Command register) or masking the channel 
before programming any of its registers. Once the program- 
ming is complete, the controller can be enabled/unmasked. 


After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 


Register Description 


Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. The address is 
automatically incremented or decremented by one after 
each transfer and the values of the address are stored in the 
Current Address register during the transfer. This register is 
written or read by the microprocessor in successive 8-bit 
bytes. See Figure 6 for programming information. It 
may also be reinitialized by an Autoinitialize back to its origi- 
nal value. Autoinitialize takes place only after an EOP. In 
memory-to-memory mode, the channel 0 Current Address 
register can be _ prevented from incrementing or 
decrementing by setting the address hold bit in the 
Command register. 
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Current Word Count Register - Each channel has a 
16-Bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e., 
programming a count of 100 will result in 101 transfers). 
The word count is decremented after each transfer. When 
the value in the register goes from zero to FFFFH, a TC will 
be generated. This register is loaded or read in successive 
8-bit bytes by the microprocessor in the Program 
Condition. See Figure 6 for programming information. 
Following the end of a DMA service it may also be 
reinitialized by an Autoinitialization back to its original value. 
Autoinitialization can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of FFFFH 
after TC. 


Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize 
these values are used to restore the current registers to their 
original values. The base registers are written simultaneously 
with their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. See Figure 6 
for programming information. These registers cannot be 
read by the microprocessor. 


Command Register - This 8-bit register controls the 
operation of the 82C237. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The following diagram lists the function of the 
Command register bits. See Figure 4 for Read and Write 
addresses. 


Command Register 


[7/6] 5] 4/3) 2) 1/0) 


Bit Number 


O Memory -to - memory disable 
1 Memory -to - memory enable 


O Channel O address hold disable 
1 Channel O address hold enable 
X Ifbto= 0 


O Controller enable 
1 Controller disable 


O Normal timing 

1 Compressed timing 
X IifbtoO= 1 

Fixed priority 
Rotating priority 


0 
1 
i O Late write selection 
1 Extended write selection 
X lfbt3= 1 


DREQ sense active high 
11 DREQ sense active low 


O DACK sense active low 
1 DACK sense active high 


Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits 0 and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits 0 and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 


Mode Register 


|7/ 6| 5] 4/3] 2/1} 0) Bit Number 

OO Channel O select 
O01 Channel 1 select 
10 Channel 2 select 
11. Channel 3 select 
XX Readback 


OO Verify transfer 

O1 Write transfer 

10 Read transfer 

11 Illegal 

XX If bits 6 and 7= 11 


QO .-sC Aut toinitialization disable 
1 Autoinitialization enable 


©O Address increment select 
1 Address decrement select 


00 Demand mode select 
01 Single mode select 
10 Block mode select 
(11 Cascade mode select 


Request Register - The 82C237 can respond to requests 
for DMA service which are initiated by software as well as 
by a DREQ. Each channel has a request bit associated with 
it in the 4-bit Request register. These are non-maskable 
and subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a Reset or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register ad- 
dress coding, and the following diagram for Request regi- 
ster format. A software request for DMA operation can be 
made in block or single modes. For memory-to-memory 
transfers, the software request for channel O should be set. 
When reading the Request register, bits 4-7 will always 
read as ones, and bits 0-3 will display the request bits of 
channels 0-3 respectively. 


Request Register 


71/61/51 413] 2/110 


Se 


Bit Number 


eee 0O Select channel 0 

Bits 4 -7 O01 Select channel 1 

10 Select channel 2 

All Ones, 11. Select channel 3 
Read 


O Reset request bit 
|1 Set request bit 
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Mask Register - Each channel has associated with it a mask 
bit which can be set to disable an incoming DREQ. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register is 
also set by a Reset or Master Clear. This disables all hardware 
DMA requests until a Clear Mask Register instruction allows 
them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits O-3 will display the mask bits of 
channels 0-3, respectively. The 4 bits of the mask register 
may be cleared simultaneously by using the Clear Mask 
Register command (see software commands section). 


Mask Register 
[71 6/5] 4/3) 2/1] 0) 
————— 


Bit Number 


OO Select channel 0 mask bit 
O01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11. Select channel 3 mask bit 


Don’t Care 


OO Clear mask bit 
1 Set mask bit 


All four bits of the Mask register may also be written with a 
single command. 


| 7/6) 5/ 4/3] 2/1) 0) 
0” 


Bit Number 


Don't Care, O Clear channel O mask bit 
Write 1 Set channel O mask bit 
All Ones, 
Read 


O Clear channel 1 mask bit 
1 Set channel 1 mask bit 


O Clear channel 2 mask bit 
1 Set channel 2 mask bit 


O Clear channel 3 mask bit 
|1 Set channel 3 mask bit 


Status Register - The Status register is available to be 
read out of the 82C237 by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached a 
terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by that 
channel or an external EOP is applied. These bits are 
cleared upon Reset, Master Clear, and on each Status 
Read. Bits 4-7 are set whenever their corresponding 
channel is requesting service, regardless of the mask bit 
state. If the mask bits are set, software can poll the Status 
register to determine which channels have DREQs, and 
selectively clear a mask bit, thus allowing user defined 
service priority. Status bits 4-7 are updated while the clock 
is high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. 


Status Register 


71 6| 5| 4/3} 2/110] Bit Number 


1 Channel 0 has reached TC 
1 Channel 1 has reached TC 
1 Channel 2 has reached TC 


1 Channel 3 has reached TC 


1 Channel 0 request 
1 Channel 1 request 
1 Channel 2 request 


1 Channel 3 request 


Temporary Register - The Temporary register is used to 
hold data during memory-to-memory transfers. Following 
the completion of the transfers, the last byte moved can be 
read by the microprocessor. The Temporary register always 
contains the last byte transferred in the previous memory-to- 
memory operation, unless cleared by a Reset or Master Clear. 


Read Status Register 
Write Command Register 
Read Request Register 
Write Request Register 
Read Command Register 
Write Single Mask Bit 
Read Mode Register 
Write Mode Register 

Set First/Last F/F 

Clear First/Last F/F 

Read Temporary Register 
Master Clear 

Clear Mode Reg. Counter 
Clear Mask Register 
Read All Mask Bits 

Write All Mask Bits 


0 
0 
0 
0 
0 
0 
0 
0) 
1 
1 
1 
1 
1 
1 
1 
1 
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eoH-042 04020-0002 


FIGURE 4. SOFTWARE COMMAND CODES AND REGISTER CODES 
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Software Commands 


There are special software commands which can be 
executed by reading or writing to the 82C237. These 
commands do not depend on the specific data pattern on 
the data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 


Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 82C237. This command initializes the 
flip-flop to a Known state (low byte first) so that subsequent 
accesses to register contents by the microprocessor will 
address upper and lower bytes in the correct sequence. 


Set First/Last Flip-Flop: This command will set the flip- 
flop to select the high byte first on read and write operations 
to address and word count registers. 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. The 82C237 will enter the Idle cycle. 


Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 


Clear Mode Register Counter: Since only one address 
location is available for reading the Mode registers, an 
internal two-bit counter has been included to select Mode 
registers during read operations. To read the Mode 
registers, first execute the Clear Mode Register Counter 
command, then do consecutive reads until the desired 
channel is read. Read order is channel 0 first, channel 3 last. 
The lower two bits on all Mode registers will read as ones. 


External EOP Operation 


The EOP pin is a bidirectional, open drain pin which may be 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up 
resistor to VCC is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is important to note that the 82C237 will not 
accept external EOP signals when it is in an SI (Idle) state. 
The controller must_be active to latch EXT EOP. Once 
latched, the EXT EOP will be acted upon during the next S2 
state, unless the 82C237 enters an idle state first. In the 
latter case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recognized, since the 82C237 is in an SI state. 


76-Bit Transfer Mode 


The 82C237 is fully software and pin for pin compatible with 
the 82C37A. Therefore, the 82C237 may be used as a 
faster 82C37A without modifications to software or hard- 
ware. The 82C237 may be used as an 82C37A, however, 
the 82C237 has an additional feature in that it may 
be programmed to perform 16-bit DMA transfers, thus 
doubling data transfer rate. In 16-bit transfer mode the 
device operates the same as in normal (8-bit) transfer mode 
with exceptions noted in this section. 


16-Bit Transfer Mode Initialization - To initialize the 
82C237 to 16-bit Transfer Mode, a specific sequence 
of software commands must be written to the device 
immediately after a hardware Reset or a Master Clear 
instruction. The sequence to initialize 16-bit Transfer Mode 
is as follows: 


1) Hardware Reset or Master Clear 
2) Set First/Last Flip-Flop 
3) Clear First/Last Flip-Flop 


These software commands must occur sequentially with no 
communication to or from the 82C237 between commands. 
Once in 16-bit mode, the device will remain in this mode 
until a hardware Reset or Master Clear sets it back to 
normal (8-bit) transfer mode. If this initialization sequence is 
not followed exactly, the 82C237 will operate exactly like 
the 82C37A or the 82C237 in normal 8-bit mode. 


16-Bit DMA Transfers - In 16-bit transfer mode, each 
DMA channel may be programmed to perform 8-bit or 
16-bit transfers. Channels which are programmed to 
perform 8-bit transfers will operate like a normal 82C37A 
transfer. On channels programmed to perform 16-bit 
transfers, the Current Address register, which is normally 
incremented or decremented by one after each transfer, is 
incremented or decremented by two after each transfer. 
Also, the Current Word Count register, which is normally 
decremented by one after each transfer, is decremented by 
two after each transfer. 


16-Bit Memory-to-Memory Transfers - 16-bit memory- 
to-memory transfers require an external latch to temporarily 
store the 8 most significant bits of data. When 16-bit 
transfer mode is enabled, Pin 5 (DWLE) becomes an active 
output which may be used to enable the external data latch 
during memory-to-memory operations. See Figure 9 for 
a 16-bit DMA application. Channels 0 and 1 operate as 
memory-to-memory transfer channels. If either channel O 
or channel 1 is programmed to perform 16-bit transfers 
when a memory-to-memory transfer is initiated, the transfer 
will be a 16-bit transfer. If 8-bit memory-to-memory 
transfers are desired while the 82C237 is in 16-bit transfer 
mode, channels O and 1 must both be programmed for 8-bit 
transfers. 


Pin 5 DWLE Output - When the 82C237 is not initialized 
to 16-bit transfer mode, pin 5 is always high impedance 
tri-stated. This insures compatibility with the 82C37A pin 5 
description. In 16-bit transfer mode, this output becomes 
active and serves a dual purpose. 


During the S1 cycle of a transfer, the DWLE output indicates 
the data width (0 = 16-bit, 1 = 8-bit) of the active channel. 
This signal may be used with the AO output to generate a 
High Byte Enable signal for use in chip select decode logic. 
Since DWLE is a multiplexed pin, Data Width information 
needs to be captured in an external latch on the falling edge 
of ADSTB. See Figure 9 for a 16-bit DMA application. 


During memory-to-memory transfers, the DWLE output is 
used to enable an external latch which temporarily stores 
the 8 most significant bits of data during the read-from- 
memory half of the transfer. DWLE enables this byte of data 
onto the data bus during the write-to-memory half of the 
transfer. See Figure 9 for a 16-bit DMA application. 


4-141 


PERIPHERALS 


82C237 


lf an active channel is cascaded, as defined by its mode 
register, DWLE will be driven low at the start of the transfer, 
and will remain low for the entire transfer. This allows the 
DWLE signal from the slave 82C237 to control the system. 
To form the system DWLE signal for cascaded 82C237s, 
simply “OR” the individual DWLE outputs of the Master and 
Slaves. 


Registers Affected By 16-Bit 
Transfer Mode 


Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. On channels 
programmed to perform 8-bit DMA transfers, the address is 
automatically incremented or decremented by one after 
each transfer. On channels programmed for 16-bit DMA 
transfers, the address is automatically incremented or 
decremented by two after each transfer. 


During all 16-bit transfers, the AO output will remain low for 
the entire transfer, even if an odd address is programmed 
into the channel’s Current Address register (i.e. only even 
word addresses will be generated). 


The Current Address register is written or read by the 
microprocessor in successive 8-bit bytes. See Figure 6 for 
programming information. It may also be reinitialized by an 
Autoinitialize back to its original value. Autoinitialize takes 
place only after an EOP. In memory-to-memory mode, the 
channel 0 Current Address register can be prevented from 
incrementing or decrementing by setting the address hold 
bit in the Command register. 


Current Word Count Register - Each channel has a 
16-bit Current Word Count register. This register 
determines the number of transfers to be performed. On 
channels programmed for 8-bit transfers, the actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e. 
programming a count of 100 will result in 101 transfers). 
The word count is decremented by one after each transfer 
on 8-bit transfer channels. 


On channels programmed for 16-bit transfers, the word 
count is decremented by two after each transfer. This 
means that for even values in the Current Word Count 
register, the actual number of transfers will’ be n/2 + 1, 
where n is the value in the Current Word Count register. For 
odd values in this register, the actual number of transfers 
will be (n+1)/2. When the value in the Current Word Count 
register decrements past zero (i.e. O to FFFEH or 1 to 
FFFFH), a TC will be generated. 


This register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. See Figure 6 
for programming information. Following the end of a DMA 
service it may also be reinitialized by an Autoinitialization 
back to its original value. Autoinitialization can occur only 
when an EOP occurs. If it is not Autoinitialized, this register 
will have a count of FFFFH after TC on 8-bit transfers, or 
FFFEH after TC on 16-bit transfers. 


Data-Width Register - When 16-bit transfer mode is 
enabled, the Data-Width register becomes accessible and 
is used to program each DMA channel to perform either 


8-bit transfers or 16-bit transfers. Data bits 4-7 represent 
DREQ channels 0-3 respectively and determine the data 
width (8-bit or 16-bit) of each channel during DMA 
transfers. When programming this register, bit 3 of the data 
must be set to “0”. Since the address of the Data-Width 
register is the same as the Mask register, bit 3 selects which 
register is actually written. 


Data-Width Register - 16-bit transfer mode enabled 


| 7) 6} 5| 4] 3/2] 1/0) Bit Number 


“ X Don’t Care 
O Must be O to write all 
data - width bits 


O Channel O = 16 - bit transfers 
1 Channel O= 8 - bit transfers 


16 - bit transfers 


O Channel 1 
1 8 - bit transfers 


Channel 1 


O Channel 2 = 16 - bit transfers 
[1 Channel 2 = 8 - bit transfers 


O Channel 3 = 16 - bit transfers 
1 Channel 3 = 8 - bit transfers 


Mask Register - In 16-bit transfer mode this register 
operates the same as the previous Mask register description 
with the exception of bit 3 when writing the instruction to 
separately set or clear a mask bit. Bit 3 of the data must be 
“1”. when writing a single mask bit. Bits 4-7 are ignored 
when this instruction is written. Refer to the following 
diagram for writing single mask bits. 


Mask Register - 16-bit transfer mode enabled 


[7/6/ 5] 4/ 3/2] 1/0) 
— 


Bit Number 


Don’t Care OO Select channel O mask bit 
01 Select channel 1 mask bit 
10 Select channel 2 mask bit 


11 Select channel 3 mask bit 


O Clear mask bit 
1. Set mask bit 


1. Must be 1 to write single 
mask bit 


The software command to write all four bits of the Mask 
register has no affect on the state of the Data-Width bits. 


When reading the Mask/Data-Width register (they share 
the same address), bits 0-3 will always display the mask 
bits of channels 0-3, respectively. With 16-bit transfer 
mode not enabled, bits 4-7 will always read as logical ones. 
With 16-bit transfer mode enabled, bits 4-7 will display the 
data-width bits for channels 0-3 respectively. 
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The Mask and Data-Width registers are set by Reset or 
Master Clear. This disables all hardware DMA requests until 
a clear mask bit instruction allows them to be recognized. 
Reset or Master Clear forces the Mask and Data-Width 
registers to operate as in normal mode (Data-Width register 
not accessible) until 16-bit transfer mode is again entered. 
The four mask bits may also be cleared simultaneously by 
using the Clear Mask Register command (see software 
commands section). This command has no effect on the 
data-width bits. 


Temporary Register - The internal Temporary register 
is used to hold data during memory-to-memory transfers. 
Following the completion of the transfers, the last byte 
moved can be read by the microprocessor. In the case of 
16-bit transfers, only the least significant 8 bits of the last 
word transferred are stored in this register. The Temporary 
register always contains the last byte transferred in the 
previous memory-to-memory operation, unless cleared by 
a Reset or Master Clear. 


Read Status Register 

Write Command Register 

Read Request Register 

Write Request Register 

Read Command Register 

Write Single Mask Bit (Note 1) 

Write All Data-Width Bits (Notes 1, 2) 
Read Mode Register 

Write Mode Register 

Set First/Last F/F 

Clear First/Last F/F 

Read Temporary Register 

Master Clear 

Clear Mode Reg. Counter 

Clear Mask Register 

Read All Mask/Data-Width Bits (Note 2) 
Write All Mask Bits 


er ee ee a ae ee ee ee ee | 


NOTES 1 The register to be written ts determined by data bit 3 


2 Data-Width bits exist in 820237, 16-bit mode only. 


—|a-e¢-e8484 4 os s+ as QO 0COOdDAOACdAZdO 


Software Commands Affected by 
76-Bit Mode 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. When the Master Clear instruction occurs 
while in 16-bit transfer mode, the 82C237 enters normal 
(8-bit) transfer mode in the Idle cycle. 


Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 
This command has no effect on data-width bits in 16-bit 
transfer mode. 


“=-=-4- 0000224420000 
=-0o00++00++000+2+ 00 
“O+-0+0+ 020442402020 
Oo-nA 020-020-200, 020 2 


FIGURE 5. 16-BIT MODE SOFTWARE COMMAND CODES AND REGISTER CODES 
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SIGNALS FIRST/LAST 
— FLIP-FLOP | DATABUS 
CHANNEL REGISTER OPERATION| CS IOR IOW A3 A2~ At AO STATE 


Base and Current 
Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


oOo 00 00 00 


Base and Current 
Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


oo 00 00 00 oo 00 00 0090 


Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


Base and Current 
Address 


Current Address 


Base and Current 
Word Count 


Current Word Count 


oo oo oo oOOo;yo0o0 oO 8O0O 80 Ooo 00 00 00 oOo 00 00 00 
oo oo ao aooyoo ao Aoa0oO 900 O00 00 00 00 oo 00 00 00 


7 Base and Current 


FIGURE 6. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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Application Information 


Figure 7 shows an application for a DMA _ system 
utilizing the 82C237 DMA controller and the 80C88 
Microprocessor. In this application, the 82C237 DMA 
controller is used to improve system performance by 
allowing an I/O device to transfer data directly to or from 
system memory. 


Components 


The system clock is generated by the 82C84A clock driver 
and is inverted to meet the clock high and low times 
required by the 82C237 DMA controller. The four OR gates 
are used to support the 80C88 Microprocessor in minimum 
mode by producing the control signals used by the proces- 
sor to access memory or I/O. A decoder is used to generate 
chip select for the DMA controller and memory. The most 
significant bits of the address are output on the address/ 
data bus. Therefore, the 82C82 octal latch is used to 
demultiplex the address. Hold Acknowledge (HLDA) and 


ADDRESS BUS 


ae 


DATA BUS 


Address Enable (AEN) are “ORed” together to insure that 
the DMA controller does not have bus contention with the 
microprocessor. 


Operation 


A DMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue 
a Hold request (HRQ) to the processor. The system 
busses are not released to the DMA controller until a Hold 
Acknowledge signal is returned to the DMA controller from 
the 80C88 processor. After the Hold Acknowledge has 
been received, addresses and control signals are generated 
by the DMA controller to accomplish the DMA transfers. 
Data is transferred directly from the I/O device to memory 
(or vice versa) with IOR and MEMW (or MEMR and IOW) 
being active. Note that data is not read into or driven out of 
the DMA controller in 1/O-to-memory or memory-to-l/O 
data transfers. 


VCC 


82C37A/82C 237 


CLK 
cs 
ADSTB 


EOP 
HLDA 
JOR 
lIOW 
MEMR 
MEMW 
HRQ 
DREQO 
DACK 


AEN 


AO-7 
DBo -7 


Ce a ay ee a 
aoe 


cs 
DREQ 


1/0 
DEVICE 


=> 1OR MEMORY 
Ls MEMCS ~> 
i IOW MEMR—> 
MEMW — 


NOTE The address lines need pull-up resistors. 


FIGURE 7. APPLICATION FOR DMA SYSTEM 
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Figure 8 shows an application for a DMA system using the 
82C37A or 82C237 DMA controller and the 80C286 
Microprocessor. 


In this application, the system clock comes from the 
82C284 clock generator PCLK signal which is inverted to 
provide proper READY setup and hold times to the DMA 
controller in an 80C286 system. The Read and Write 
signals from the DMA controller may be wired directly to 
the Read/Write control signals from the 82C288 Bus 


CHIP SELECT 


|DECODE|—__ > TO MEMORY/ 


PERIPHERALS 


80C286 


AS - AS 


AEN EOP DO -D7 
ADSTB 


| AD - 
| MEMORY 
TRANSCEIVER 


| READY DREQO-3 DACKO-3 | 


Controller. The octal latch for A8 - A15 from the DMA 
controller’s data bus is on the local 80C286 address bus so 
that memory chip selects may still be generated during 
DMA transfers. The transceiver on AO - A7 is controlled 
by AEN and is not necessary, but may be used to drive a 
heavily loaded system address bus during transfers. The 
data bus transceivers simply isolate the DMA controller 
from the local microprocessor bus and allow programming 
on the upper or lower half of the data bus. 


| 


TO CORRESPONDING 


HRQ_~ g9037A/820237 _!OW j<-——> IOW 82C288 SIGNALS AND 
HLDA MEMR ————> MEMR | MEMORY/PERIPHERALS 
>. CLK MEMW | MEMW 


FIGURE 8. 80C286 DMA APPLICATION 
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Figure 9 shows the data bus for a 16-bit DMA application 
with the 82C237. High memory and low memory are 
selected accordingly with AO and the 8/16 signal during 
DMA transfers. The 8/16 signal is formed from DWLE with a 
D flip-flop and ADSTB. ADSTB must be inverted to the D 
flip-flop since DWLE is set up to the falling edge of ADSTB 
and the 74F74 latches data on the rising edge of CLK. 


80C286 


82C237 
Do - D7 
1OR 
1OW 
MEMR 
MEMW 


MEMCS 
FROM DECODER 


*Only needed for memory-to-memory transfers 


The ADSTB inverted could be eliminated by using a 74F75 
falling edge D latch. The latch on D8 - D15 is needed for 
16-bit memory-to-memory transfers. The upper eight bits 
of data are latched by MEMR during the read half of the 
transfer. The data is then enabled onto the data bus during 
the write half of the transfer. 


HIGH 
TRAN - 
SCEIVER D8 - D15 MEMORY 
cs 
TRANSCEIVER 
LOW 
A 
CS 
170 
DEVICE 
1/0 
DEVICE 


FIGURE 9. DATA BUS FOR 16 BIT DMA APPLICATION 
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Specifications 82C237 


Absolute Maximum Ratings Reliability Information 

Supply Voltage. occa wetecls we tawlagsewenese e's +8.0 Volts Thermal Resistance ja Vic 
Input, Output or I/O Voltage Applied ....GND -0.5V to VCC +0.5V Ceramic DIP Package.............. 28°C/W 69C/W 
Storage Temperature Range .............006 -65°C to +150°9C ECC Package i rnss wae See eee nes 66°C/W 129C/W 
Junction Temperature ..... 0.0... ccc cece eect e eens +175°C Maximum Package Power Dissipation..............000005 1 Watt 
Lead Temperature (Soldering, Ten Seconds) ............ +300°C ‘Gate Count oscs senduiodiiws hes Hina yer ieeei lis 2325 Gates 


CAUTION Stresses above those listed in the Absolute Maximum Ratings” may cause permanent damage to the device This 1s a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operational sections of this specification 1s not implied. 


Operating Conditions 


Operating Voltage Range ........... ccc eee eee eee +4.5V to+5.5V Operating Temperature Ranges 
C826 O87 ons chiiee oun cok Hawai etek Nas Pad 0°C to +70°C 
IBA C2 O i cid sae es eu aera nae ees ee -40°9C to +85°9C 
MSCCQS7 2:2. oe Sas tami Ga ee ORES ~559C to +125°9C 


D.C. Electrical Specifications VCC = +5.0V +10%, Ta = 0°C to +70°C (C82C237) 
Ta = -40°C to +85°C (182C237) 
Ta = -55°C to +125°9C (M82C237) 


SYMBOL PARAMETER | omin | omax | UNITS TEST CONDITIONS 
Logical One Input Voltage 2.0 V C82C237, 1I82C237 
2.2 M82C 237 


Logical Zero Input Voltage ae 


VIH 
V 
VOH Output HIGH Voltage 3.0 V IOH = -2.5mA 
VCC -0.4 V IOH = -100uA 
| 


Output LOW Voltage V IOL = +2.5mA all output except EOP, 
IOL = +3.2 for EOP pin 36 only. 
Input Leakage Current VIN = GND or VCC, Pins 6, 7, 11, 12, 13, 16-19 


Output Leakage Current -10.0 +10.0 pA VOUT = GND or VCC, Pins 1-5, 21-23, 
26-30, 32-40. 
ICCSB Standby Power Supply yA VCC = 5.5V, VIN = VCC or GND, 
Current Outputs Open 
ICCOP Operating Power Supply mA/MHz VCC = 5.5V, CLK FREQ = Maximum, 
Current VIN = VCC or GND, Outputs Open 
Capacitance T, = +25°C 


FREQ = 1MHz, All measurements are 
referenced to device GND 
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A.C. Electrical Specifications VCC = +5.0V +10%, GND = OV, 
Ta = 0°C to +70°C (C82C237), 
Ta = -40°C to +85°C (182C237), 
Ta = -55°C to +125°C (M82C237) 


82C237 82C237-12 


SYMBOL PARAMETER UNITS 


DMA (MASTER) MODE 


Delay Time 


EOP LOW from CLK HIGH 
Delay Time 


w 
io) 


CMOS 
PERIPHERALS 


(10)TASM ADR Stable from CLK HIGH 


(11)TASS DB to ADSTB LOW Setup Time TCH-20 TCH-20 


55 


w 
jo) 


(12)TCH Clock HIGH Time (Transitions 10ns) 


(13)TCL Clock LOW Time (Transitions 10ns) 


aN 


3 


Q 
fo) 


(1)TAEL AEN HIGH from CLK LOW (S1) Delay 105 50 
Time 
(2)TAET AEN LOW from CLK HIGH (SI!) Delay 
Time 
(3)TAFAB ADR Active to Float Delay from CLK 55 55 
HIGH 
(4)TAFC READ or WRITE Float Delay from CLK 75 
HIGH 
(5)TAFDB DB Active to Float Delay from CLK HIGH 135 | 90 
(6)TAHR ADR from READ HIGH Hold Time TCY-75 pe | TCY-65 | 
(7)TAHS DB from ADSTB LOW Hold Time TCL-18 Pe TCL-18 fe et 
(8)TAHW ADR from WRITE HIGH Hold Time TCY-65 Pe. od TCY-50 i eed 
(9)TAK DACK Valid from CLK LOW 105 
Delay Time 
EOP HIGH from CLK HIGH 105 Bak 


(14)TCY CLK Cycle Time 


wh 


25 


(15) TDCL CLK HIGH to READ or WRITE LOW 


— 
w 
fa) 
—_ 
NO 
=) 


© 
» 
< 


(16)TDCTR READ HIGH from CLK HIGH (S4) Delay 


—s 
—_ 
or 


= 
3 
® 


(17)TDCTW WRITE HIGH from CLK HIGH (S4) Delay 80 70 


a 
3 
D 


— 
io) 
oO 


(18)TDQ HRQ Valid from CLK HIGH 
Delay Time 


N 
o 
jo) 
©O 


(19) TEPH 
(20)TEPS 


EOP Hold Time from CLK LOW (S2) 


EOP LOW to CLK LOW Setup Time | 


NS 
ao 


EOP Pulse Width 


(21)TEPW 
(22)TFAAB ADR Valid Delay from CLK HIGH 


READ or WRITE Active from 
CLK HIGH 


(23)TFAC 


(24) TFADB DB Valid Delay from CLK HIGH 


ol 


(25)THS HLDA Valid to CLK HIGH Setup Time 


aS 
oO 


jo) 
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A.C. Electrical Specifications VCC = +5.0V +10%, GND = OV, (Continued) 
Ts = 0°C to +70°C (C82C237), 
Ta = -40°C to +85°C (1820237), 
Ta = -55°C to +125°C (M82C237) 


SYMBOL PARAMETER 


DMA (MASTER) MODE (Continued) 


82C237 82C237-12 


i: 
< 
=f 
” 


Input Data from MEMR HIGH 
Hold Time 


(26)TIDH 


(27)TIDS Input Data to MEMR HIGH 
Setup Time 


Output Data from MEMW HIGH 
Hold Time 


(28)TODH TCY-50 


(29)TODV Output Data Valid to MEMW HIGH TCY-35 


(30)TQS DREQ to CLK LOW (SI, S4) 


Setup Time 


70 


(31)TRH CLK to READY LOW Hold Time 

(32)TRS READY to CLK LOW Setup Time 35 

(33)TCLSH ADSTB HIGH from CLK LOW 70 
Delay Time 

(34)TCLSL ADSTB LOW from CLK LOW 12 


(35) TWRRD READ HIGH Delay from WRITE HIGH 


NO 


45 
10 
15 
2TCY-55 
TCY-35 
2TCY-80 
TCY-80 
TCY-55 


(36)TRLRH 
(37) TSHSL 


READ Pulse Width, Normal Timing 2TCY-60 


ADSTB Pulse Width TCY-50 


TCY-10 


Extended WRITE Pulse Width 
WRITE Pulse Width 


(38) TWLWHA 
(39) TWLWH 


2TCY-85 


TCY-85 


(40)TRLRHC READ Pulse Width, Compressed TCY-60 


(56) TAVAL ADR Valid to READ LOW 


—_ 
be | 


(57)TAVWL ADR Valid to WRITE LOW 


(58) TRHAL READ HIGH to AEN LOW 


(59) TRHSH READ HIGH to ADSTB HIGH 
(60) TWHSH 


— 
io) 


WRITE HIGH to ADSTB HIGH 


_ 
oi 


(61) TDVRL DACK Valid to READ LOW 


(62) TDVWL DACK Valid to WRITE LOW 
(63) TRHDI 


(64) TAZRL 


READ HIGH to DACK Inactive 


ok 


t 
NO Nh | NM “I 


O 
OD 
9 
< 
a 
3 
® 
a 


ADR Float to READ LOW 


TCY+20 


TCY-50 


(65)TOEV Output Enable Valid Before WRITE HIGH TCY+20 


(66)TOEH Output Enable Hold Time from TCY-50 


WRITE HIGH 
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A.C. Electrical Specifications VCC = +5.0V +10%, GND = OV, (Continued) 
T, = 0°C to +70°C (C82C237), 
Ta = -40°C to +85°C (1820237), 
Ta = -55°C to +125°C (M82C237) 


82C237 820237-12 
SYMBOL PARAMETER } MIN =|) MAX UNITS 


PERIPHERAL (SLAVE) MODE 


(41)TAR ADR Valid or CS LOW to READ LOW LO 


[earave [AOR vats WATE Low Soup re [0 
[worow [One vas WATEHGH Soup Tw [100 
[warm [sora HoatomFeRDHeH | 0 
[woroe [on ncostonFeRS | 

a 


45 
(47)TRDF DB Float Delay from READ HIGH 
48 
(49)TRSTS RESET to First |OR or l|OW 2TCY 
5 
5 


) 

up Time 

) | arcy | 2TCY 

00 
: 
oo 
ma 

Hold Time 
Data from WRITE HIGH Hold Time a 10 
r 


5 

00 
00 
55 
00 
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Waveforms 
SLAVE MODE WRITE TIMING 


cs 
(43) TCWL re TWC (53) 
iow TWWS 
Sai: TWA (52) 
10 - (Pura CO 
(44) TWD (54) 


TOW 


INPUT VALID 


FIGURE 10. SLAVE MODE TIMING 


NOTE: Successive WRITE accesses to the 82C237 must allow at least TCY as recovery time between accesses. A TCY recovery time must be allowed before 
executing a WRITE access after a READ access. 


SLAVE MODE READ TIMING 


AO - A&B ADDRESS MUST BE VALID 


1OR 


DBO - DB7 DATA OUT VALID S 


FIGURE 11. SLAVE MODE READ 


NOTE: Successive READ accesses to the 82C237 must allow at least TCY as recovery time between accesses ATCY recovery time must be allowed before 
executing a WRITE access after a READ access. 
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Waveforms 


DMA TRANSFER TIMING 
Si 


TCH 
ral (12) 
ARAMA 
(18) 
TDQ 


: He 
*DWLE oe | rT TF r 
HLDA enh, NYAS OSASSS 
TAEL (2) 
(1) TAET 


AEN eh 
(33) 


ADSTB create, if 
(24) 
A8 -A15 TAFAB (3) 
(22) 
TFAAB ie TAHW 
Callan 
venin VALID +f ADDRESS VALID |} 


EY) 
eal | (64) aes - i TAHR (6) 
(9) ; TAZRL || (6) TRHD! (63) 


CLK 


DREQ 
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AD - AT een, 


DACK 
El : | TAFC 
(23) 16 (4) 
TFAC fs TR 
READ ———$ 
TDVAL ry 
(17) TOCTW 
fastece ea 
WRITE ——————————=5, ses 
pte a TAK (9) 
(62) ee 
iN EOE : (FOR EXTENDED AY | 
(9) TAK 
TEPW (21) 
EOP ——__—-$ 
ee SR LIL 


FIGURE 12. DMA TRANSFER 


*For 16-bit mode, 82C237 only In 8-bit mode this signal is always high impedance tri-stated Waveform shown 1s for an 8-bit transfer with the 
82C237 programmed in 16-bit mode For a 16-bit transfer, DWLE will go low at least TASS before the falling edge of ADSTB in S2, and remain low 
for the entire transfer 
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Waveforms 


MEMORY-TO-MEMORY TRANSFER TIMING 


So $11 $12 $13 $14 $21 $22 $23 $24 $11/SI 
(33) 
TCLSH | nnd) a 
ADSTB A 
(22) 
TFAAB Lee TAHS a ee 
(11) TASS 


AD - AT sis ADDRESS VALID +++ ADDRESS VALID | ss | 
TFADB ie 


DBO - DB7 


MEMR ae 


a (23) 
MEMW EXTENDED 
(11)TASS WRITE 

*DWLE 

EOP 

(20) TEPS 
TEPH (19) 
Enp TEPW 
HEeEge NWARURRALURUARTARUBRRASABRS "AMMAN 


FIGURE 13. MEMORY-TO-MEMORY TRANSFER 
*For 16-bit mode, 82C237 only. In 8-bit mode this signal is always high impedance tri-stated. Waveform shown is for a 16-bit memory-to-memory 


transfer. For an 8-bit transfer in 16-bit mode, DWLE will go high at least TASS before the falling edge of ADSTB in S2, then low TAHS after the falling 
edge of ADSTB, and will remain low until the next ADSTB where the cycle is repeated. 
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Waveforms 


READY TIMING 


S2 $3 SW SW S4 
CLK 
TDCL (16) 
READ 
TDCL ~ (15) iss TDCTW (17) 
WRITE EXTENDED —=N\ 
mene (31) TRH] -— TRH (31) 


(32) TRS TRS (32) 


READY 


FIGURE 14. READY 


NOTE: READY must not transition during the specified setup and hold times. 


COMPRESSED TRANSFER TIMING 


$2 $4 $2 S4 


- | 
TASM 


TDCTR TDCTR 
TDCL +~— (15) (16) ase (16) 
TRLRHC 
READ (40) 
(17) 
TDCTW 
WRITE 

TRH (31) TRH (31) 


(32) TRS (32) TRS 
READY 3 N 5 XN 


FIGURE 15. COMPRESSED TRANSFER 
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Waveforms A.C. Test Circuits 
RESET TIMING 
v1 
ei 

VOC _/\.__(48) TRSTD - 

(50) TRSTW OUTPUT FROM 

DEVICE UNDER TEST POINT 
(40 TEST C1* 
1OR OR IOW TRSTS = 
*includes STRAY and FIXTURE Capacitance 
Fl RE 16. RE: 
ed BESET TEST CONDITION DEFINITION TABLE 


pews te et 
All Outputs Except EOP 5202 100pF 


A.C. Testing Input, Output Waveforms 


t 


INPUT OUTPUT 
VIH + 0.4V VOH 
1.5V 1.5V 
VIL - 0.4V VOL 
OUTPUT OUTPUT 
Z-LORH LOR H-Z 
VOH VOH 
2.0V VO - 0.45 p: 
0.8V 0.45 
VOL VOL 


A.C. Testing: All A.C. Parameters tested as per test circuits. Input RISE and FALL times are driven at Ins/V. 
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2 HARRIS 82C284 


Clock Generator and Ready Interface 


February 1992 for 80C286 Processors 
Features Description 
¢ Generates System Clock for 80C286 Processors The Harris 82C284 is a clock generator/driver which provides 


clock signals for 80C286 processors and support components. 
It also contains logic to supply READY to the CPU from either 


e Generates System Reset Output from Schmitt 


Tiggerlnput asynchronous or synchronous sources and synchronous 
- Improved Hysteresis RESET from an asynchronous input with hysteresis. 
¢ Uses Crystal or External Signal for Frequency 
Source : i 
- Dynamically Switchable between Two Input Or dering Information 
Frequencies 


Provides Local READY and MULTIBUS® READY 
Synchronization 


Static CMOS Technology 
Single +5V Power Supply 


TEMPERATURE 
RANGE 
Ceramic DIP 0°C to +70°C ew CD82C284-12 
-40°C to +85°C =| 1082C284-10 | 1D82C284-12 


-55°C to +125°C + =| MD82C284- MD82C284- 
10/883 12/883 


* Respective /883 specifications are included at the end of this data 
sheet. 


*/883 


Available in 18 Lead Cerdip Package 


Pinout Functional Diagram 


18 LEAD CERAMIC DIP 
TOP VIEW 


PERIPHERALS 


RES 4 
SYNCHRONIZER 
x1 PT] XTAL 
} aie 
FIC 
ARDYEN . 
Samsieasinain NCHRONIZE 
AB = SYNCHRONIZER : 
a __Reapyiocic | 
SRDY iJ ft | READY 
5D —[eexconron = 
aT ime PCLK GENERATOR PCLK 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2966 
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Pin Description The following pin function descriptions are for the 82C284 clock generator. 


TABLE 1. PIN DESCRIPTION 


PIN 
SYMBOL DESCRIPTION 


SYSTEM CLOCK: the signal used by the processor and support devices which must 
be synchronous with the processor. The frequency of the CLK output has twice 

the desired internal processor clock frequency. CLK can drive both TTL and CMOS 
CMOS level inputs. 


F/C FREQUENCY/CRYSTAL SELECT: this pin selects the source for the CLK output. 
When there is a LOW level on this input, the internal crystal! oscillator drives CLK. 
When there is a HIGH level on F/C, the EFI input drives the CLK input. This pin 

can be dynamically switched, which allows changing the processor CLK frequency 


while running for low-power operation, etc. 


X1, X2 


CRYSTAL IN: the pins to which a parallel resonant, fundamental mode crystal is 
attached for the internal oscilator. When F/C is LOW, the internal oscillator 


will drive the CLK output at the crystal frequency. The crystal frequency must 
be twice the desired internal processor clock frequency. 


> vU 

3 2 

g zs 
“J 
= _ - 
REE 


EFI EXTERNAL FREQUENCY IN: drives CLK when the F/C input is HIGH. The EFI 


input frequency must be twice the desired internal processor clock frequency. 


PERIPHERAL CLOCK: the output which provides a 50% duty cycle clock with 
one-half the frequency of CLK. PCLK will be in phase with the internal processor 
clock following the first bus cycle after the processor has been reset. 


ASYNCHRONOUS READY ENABLE: an active LOW input which qualifies the 
ARDY input. ARDYEN selects ARDY as the source of READY for the 

current bus cycle. Inputs to ARDYEN may be applied asynchronously to CLK. 
Setup and hold times are given to assure a guaranteed response to synchronous 
outputs. 


ARDYEN 


ASYNCHRONOUS READY: an active LOW input used to terminate the current bus 
cycle. The ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied 
asynchronously to CLK. Setup and hold times are given to assure a guaranteed 
response to synchronous outputs. 


.¢) 


SRDYEN 


SYNCHRONOUS READY ENABLE: an active LOW input which qualifies SRDY. 


SRDYEN selects SRDY as the source for READY to the CPU for the 
current bus cycle. Setup and hold time must be satisfied for proper operation. 


on 
ws) 
o 
< 


SYNCHRONOUS READY: an active LOW input used to terminate the current bus 
cycle. The SRDY input is qualified by the SRDYEN input. Setup and hold time 
must be satisfied for proper operation. 


READY: an active LOW output which signals to the processor that the current 
bus cycle is to be completed. The SRDY, SRDYEN, ARDY, ARDYEN, $1, 

SO, and RES inputs control READY as explained later in the READY 
generator section. READY is an open drain output requiring an external 
pull-up resistor. 


15, 16 STATUS: these inputs prepare the 82C284 for a subsequant bus cycle. SO and 
S1 synchronize PCLK to the internal processor clock and control READY. 


Setup and hold times must be satisfied for proper operation. 


RESET: an active HIGH output which is derived from the RES input. RESET 
is used to force the system into an initial state. When RESET is active, 
READY will be active (LOW). 


RESET 


nN 


we) 

| : : 
| oO 

= < 


D 
m 
03) 
— 


RESET IN: an active LOW input which generates the system reset signal (RESET). 
Signals to RES may be applied asynchronously to CLK. A Schmitt trigger input 

is provided on RES, so that an RC circuit can be used to provide a time delay. 
Setup and hold times are given to assure a guaranteed response to synchronous 


inputs. 

Voc 18 SYSTEM POWER: The +5V Power Supply Pin. A 0.1 uF capacitor between Vcc and 
GND is recommended for decoupling. 

GND SYSTEM GROUND: OV 
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Functional Description 
INTRODUCTION 


The 82C284 generates the clock, ready, and reset signals 
required for 80C286 processors and support components. 
The 82C284 is packaged in an 18-pin DIP and contains a 
crystal controlled oscillator, clock generator, peripheral 
clock generator, MULTIBUS® ready synchronization logic, 
and system reset generation logic. 


CLOCK GENERATOR 


The CLK output provides the basic timing control for an 
80C286 system. CLK has output characteristics sufficient 
to drive CMOS devices. CLK is generated by either an 
internal crystal oscillator, or an external source as selected 
by the F/C input pin. When F/C is LOW, the crystal 
oscillator drives the CLK output. When F/C is HIGH, the EFI 
input drives the CLK output. 


The F/C pin on the Harris 82C284 is dynamically 
switchable. This allows the CLK frequency to the processor 
to be changed from one frequency to another in a run- 
ning system. With this feature, a system can be designed 
which operates at maximum speed when needed, and 
then dynamically switched to a lower frequency to 
implement a low-power mode. The lower frequency can be 
anything down to, but excluding, D.C. The following 3 
conditions apply when dynamically switching the F/C pin 
(see Figure 1): 


1) The CLK is stretched in the low portion of the 2 
phase of it’s cycle during transition from one CLK 
frequency to the other (see Waveforms). 


o1 $2 o1 


CLK 
PCLK 
F/C 


X1 


2) When switching CLK frequency sources, there is a 
maximum transition latency of 2.5 clock cycles of 
the frequency being switched to, from the time CLK 
freezes low, until CLK restarts at the new frequency 
(see Waveforms). 


3) The maximum latency from the time F/C is 
dynamically switched, to the time CLK freezes low, 
is 4 CLK cycles (see Waveforms). 


The following steps describe the sequence of events that 
transpire when F/C is dynamically switched: 


(A) F/C switched from high (using EFI input) to low (using 
the crystal input X1 - see Figure 1A). 


1) The state of F/C is sampled when both CLK and 
PCLK are high until a change is detected. 


2) On the second following falling edge of PCLK, CLK 
is frozen low. 


3) CLK restarts at the crystal frequency on the rising 
edge of X1, after the second falling edge of X1. 


(B) F/C switched from low (using the crystal input X1) to 
high (using the EFI input - see Figure 1B). 


1) The state of F/C is sampled when both CLK and 
PCLK are high until a change is detected. 


2) On the second following falling edge of PCLK, CLK 
is frozen low. 


3) CLK restarts at the EFI input frequency on the falling 
edge of EFI after the second rising edge of EFI. 


$2 $1 $2 


@ 


(A) F/C SWITCHED FROM HIGH (USING EFI INPUT) TO LOW (USING THE CRYSTAL INPUT X1) 


p2 pt 


+— 42 


CLK 
PCLK . a @ 
F/C 
EFI ©) 


(B) F/C SWITCHED FROM LOW (USING THE CRYSTAL INPUT X1) TO HIGH (USING THE EFI INPUT) 


FIGURE 1. DYNAMICALLY SWITCHING THE F/C PIN 
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The 82C284 provides a second clock output, PCLK, for 
peripheral devices. PCLK is CLK divided by two. PCLK has 
a duty cycle of 50% and CMOS output drive characteristics. 
PCLK is normally synchronized to the internal processor 
clock. 


After reset, the PCLK signal may be out of phase with the 
internal processor clock. The $1 and SO signals of the first 
bus cycle are used to synchronize PCLK to the internal 
processor clock. The phase of the PCLK output changes by 
extending its HIGH time beyond one system clock (see 
Waveforms). PCLK is forced HIGH whenever either SO or 
S1 were active (LOW) for the two previous CLK cycles. 
PCLK continues to oscillate when both SO and S71 are 
HIGH. 


Since the phase of the internal processor clock will not 
change except during reset, the phase of PCLK will not 
change except during the first bus cycle after reset. 


OSCILLATOR 


The oscillator circuit of the 82C284 is a linear Pierce 
oscillator which requires an external parallel resonant, 
fundamental mode, crystal. The output of the oscillator is 
internally buffered. The crystal frequency chosen should be 
twice the required internal processor clock frequency. The 
crystal should have a typical load capacitance of 32pF. 


X1 and X2 are the oscillator crystal connections. For stable 
operation of the oscillator, two loading capacitors are 
recommended, as shown in Table 2. The sum of the board 
capacitance and loading capacitance should equal the 
values shown. It is advisable to limit stray board 
capacitances (not including the effect of the loading 
capacitors or crystal capacitance) to less than 10pF 
between the X1 and X2 pins. Decouple Vcc and GND as 
close to the 82C284 as possible with a 0.1pF 
polycarbonate capacitor. 


TABLE 2. 82C284 CRYSTAL LOADING CAPACITANCE 
VALUES 


C1 C2 


CAPACITANCE | CAPACITANCE 
(PIN 7) (PIN 8) 


60pF 40pF 
25pF 15pF 
15pF 15pF 


CLK TERMINATION 


CRYSTAL 
FREQUENCY 


1 to 8MHz 


8 to 20MHz 


20 to 25MHz 


Due to the CLK output having a very fast rise and fall time, it 
is recommended to properly terminate the CLK line at 
frequencies above 10MHz to avoid signal reflections and 
ringing. Termination is accomplished by inserting a small 
resistor (typically 10-74Q) in series with the output, as 
shown in Figure 2. This is known as series termination. The 
resistor value plus the circuit output impedance (approxi- 
mately 252) should be made equal to the impedance of the 
transmission line. 


CLOSELY 


PLACED 


| 
| 
| 
Ro ¥ 25 | 
| CLOSELY 
PLACED 


FIGURE 2. SERIES TERMINATION 


RESET OPERATION 


The reset logic provides the RESET output to force the 
system into a known, initial state. When the RES input is ac- 
tive (LOW), the RESET output becomes active (HIGH), RES 
is synchronized internally at the falling edge of CLK before 
generating the RESET output (see Waveforms). 
Synchronization of the RES input introduces a one or two 
CLK delay before affecting the RESET Output. 


At power up, a system does not have a stable Vcc and 
CLK. To prevent spurious activity, RES should be 
asserted until Vcc and CLK stabilize at their operating 
values. 80C286 processors and support components also 
require their RESET inputs be HIGH a minimum of 16 CLK 
cycles. An RC network, as shown in Figure 3, will keep RES 
LOW long enough to satisfy both needs. 


A Schmitt trigger input with hysteresis on RES assures a 
single transition of RESET with an RC circuit on RES. The 
hysteresis separates the input voltage level at which the 
circuit output switches from HIGH to LOW from the input 
voltage level at which the circuit output switches from LOW 
to HIGH. The RES HIGH to LOW input transition voltage is 
lower than the RES LOW to HIGH input transition voltage. 
As long as the slope of the RES input voltage remains in the 
same direction (increasing or decreasing) around the RES 
input transition voltage, the RESET output will make a single 
transition. 


Vcc 


82C284 


RES 


FIGURE 3. TYPICAL RC RES TIMING CIRCUIT 


READY OPERATION 


The &2C284 accepts two ready sources for the system 
ready signal which terminates the current bus cycle. Either 
a synchronous (SRDY) or asynchronous ready (ARDY) 
source may be used. Each ready input has an enable 
(SRDYEN and ARDYEN) for selecting the type of ready 
source required to terminate the current bus cycle. An 
address decoder would normally select one of the enable 
inputs. 
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READY is enabled (LOW), if either SRDY + SRDYEN = 0 or 
ARDY + ARDYEN = O when when sampled by the 82C284 
READY generation logic. READY will remain active for at 
least two CLK cycles. 


The READY output has an open-drain driver allowing 
other ready circuits to be wire or’ed with it, as shown in 
Figure 4. The READY signal of an 80C286 system 
requires an external pull-up resistor. To force the READY 
signal inactive (HIGH) at the start of a bus cycle, the 


80C286 
CPU OR 
SUPPORT 
COMPONENT 


READY 


ane uo 


SEE TABLE 2 yj 
FOR CAPACITOR cc 
VALUES DECOUPLING 
a CAPACITOR 


FIGURE 4. RECOMMENDED CRYSTAL AND 
READY CONDITIONS 


READY output floats when either S1. or 


SO are 
sampled LOW at the faliing edge of CLK. Two system clock 
periods are allowed for the pull-up resistor to pull the 
READY signal to Vij. When RESET is active, READY is 
forced active one CLK later (see Waveforms). 


Figure 5 illustrates the operation of SRDY and SRDYEN. 
These inputs are sampled on the falling edge of CLK when 
S1 and SO are inactive and PCLK is HIGH. READY is forced 
active when both SRDY and SRDYEN are sampled 
as LOW. 


Figure 6 shows the operation of ARDY and ARDYEN. These 
inputs are sampled by an internal synchronizer at each fall- 
ing edge of CLK. The output of the synchronizer is then 
sampled when PCLK is HIGH. If the synchronizer 
resolved both the ARDY and ARDYEN as active, the SRDY 
and SRDYEN inputs are ignored. Either ARDY or ARDYEN 
must be HIGH at the end of Ts, therefore at least one wait 
state is required when using the ARDY and ARDYEN inputs 
as a basis for generating READY. 


READY remains active until either S1 or SO are 
sampled LOW, or the ready inputs are sampled as inactive. 


| Ts | 
VIH FA 
_ 
MMMM 
; mauaias READY OPERATION 
* (I 


wih a. —— AN 


FIGURE 6. ASYNCHRONOUS READY OPERATION 
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Specifications 82C284 


Absolute Maximum Ratings Reliability Information 

SUPPIY VONAGO ts cand Vstehon su agalede oaasee eee aeeel ns +8.0V Thermal Resistance ja Bic 

Input, Output, or 1/O Voltage Applied ... GND - 0.5V to Voc + 0.5V Ceramic DIP Package........ 88.0°C/W 27. 0°C/w 
Storage Temperature Range .............505- -~65°C to+150°C Maximum Package Power Dissipation at +125°9C 

Junction Temperature ..... 0... cece cece cece eee c eee +175°C Ceramic DIP Package ........ ccc cee c cer ec ee ccenecs 570mW 
Lead Temperature (Soldering, 10 Sec)..........c ce eee +3000G: . \Gate Count ossdw cea veesenwaciantas eexriGareames ees 200 Gates 
ESD Classiticatlon’ fs: aces eb tiincicen ce teades se sda ees Class 2 


CAUTION: Stresses above those listed in the Absolute Maximum Ratings may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operations sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range: Operating Supply Voltage ............ceeeeceees +4,5V to +5.5V 
CS262804 vic ai dsastaw eer aes toes ewaes 0°C to+70°C EFI Rise Time (from 0.8V to 3.2V) ....... cece eee ee eee 8ns (Max) 
182 C284 ci.i5 5 ee eG es See OVEN ENG ae Gan Saws -40°C to+85°C EFI Fall Time (from 3.2V to O.8V) ..... cee cee cen eee eee 8ns (Max) 


D.C. Electrical Specifications T, = 0°C to +70°C (CD82C284); Voc = 5V + 10% 
Ta = -40°C to +85°C (ID82C284) 


SYMBOL PARAMETER | own | MAX | UNITS TEST CONDITIONS 


eo 
ressrerouaiowione [= 


82C284-12 (Note 1) 
82C284-10 (Note 1) 


NOTES: 1. ICCOP measured at 10MHz for the 82C284-10 and at 12.5MHz 2. interchanging of force and sense conditions is permitted. 
for the 82C0284-12. VIN = GND or VCC, VCC = 5.5V, outputs 
unloaded. 


VOLR READY Output LOW Voltage 


VOLC CLK Output LOW Voltage [oe 4 
VOHC CLK Output HIGH Voltage Voc-0.4 
Input Leakage Current 


Active Power Supply Current 
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CAUTION: These devices are sensitive to electronic discharge. Proper |.C. handling procedures should be followed. 
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A.C. Electrical Specifications Ta = 0°C to +70°C (CD82C284); Vcc = 5V + 10% 
Ta = -40°C to +85°C (ID82C284) 
A.C. Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Waveforms, 
Unless Otherwise Noted. 


SYMBOL PARAMETER | min | Max | MIN | MAX | UNIT TEST CONDITIONS 


5A Status Setup Time for Status 
Going Active 


2 | Srerersorenou Tne |e | 
0 | SRB FerRROVERo«Tine |? 
| mor oaROTERSwoTine [8 | 
v2 | mB omBVER Here | w | 
Tne [Rescue | | | 
we | restoatime se | 
we [oxrwos id wm PO 
=< 
see 
Pa 


READY Inactive Delay Pe 
READY Active Delay es 


= 

— 

a 

Tre [noe 
ee 
ae 
ce 
re 
— 
= 
a 
aa 
| 


(Notes 2, 6) 
Notes 2, 6) 


At 0.8V (Note 4), 
Test Condition 2 


At 0.8V (Note 4) 
CL = 75pF, Test Condition 1 
CL = 75pF, Test Condition 3 


CMOS 
PERIPHERALS 


PCLK LOW Time C. = 75pF (Note 5) 
PCLK HIGH Time CL = 75pF (Note 5) 
NOTES: 


1. VCC = 4.5V and 5.5V unless otherwise specified CLK loading: 4 The pull-up resistor value for the READY pin is 6200 with the rated 
Cy = 100pF 150pF load. 


2 With the internal crystal oscillator using recommended crystal and 5. t16 refers to any allowable CLK period. 
capacitive loading, or with the EFI input meeting specifications ty and to. 
The recommended crystal loading for CLK frequencies of 8MHz to 
20MHz are 25pF from pin X1 to ground, and 15pF from pin X2 to 
ground; for CLK frequencies from 20MHz to 25MHz the recommended a ees 
loading 1s 15pF from pin X1 to GND, and 15pF from pin X2 to GND. 7. Measured from 1.0V on the CLK to 0.8V on the RES waveform for RES 
These recommended values are + 5pF and include all stray capaci active, and to 4.2V on the RES waveform for RES inactive. 
tance. Decouple Voc and GND as close to the 820284 as possible. 8. Input test waveform characteristics: Vi_ = OV, Vip = 4.5V. 


3. This is an asynchronous input. This specification is given for testing 
purposes only, to assure recognition at a specific CLK edge. 


6. When using a crystal with the recommended capacitive loading, CLK 
output HIGH and LOW times are guaranteed to meet 80C 286 requtre- 
ments 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedure should be followed. 
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SYMBOL PARAMETER 


Input Capacitance 
t15A EFI HIGH to CLK 
LOW Delay 


Specifications 82C284 


UNTESTED SPECIFICATIONS 


CONDITIONS (Note 1) 


FREQ = 1MHz, All measurements are 
referenced to device GND, Ta = +259C 


EFI LOW to CLK 
HIGH Delay 


— 


1.0V to 3.6V, CL = 100pF 
3.6V to 1.0V, CL = 100pF 


(Note 4) 


CLK Fall Time 
X1 HIGH to CLK 


NOTES: 1. The parameters listed in this table are controlled via design or 
process parameters and are not directly tested. These 
parameters are characterized upon initial design and after major 
process and/or design changes. 


2. Measured from 3.2V on the EFI waveform to 1.0V on the CLK. 
3. Measured from 0.8V on the EFI waveform to 3.6V on the CLK. 
4. Measured from 3.6V on the X1 input to 3.6V on the CLK. 


A.C. Specifications A.C. Test Condition 


A.C. DRIVE, SETUP, HOLD AND DELAY TIME MEASUREMENT POINTS 


Vv 
3.8V cc 
EFI INPUT 
0.4V a 
DEVICE 
Voc ~ 0.4V OUTPUT 
CLK 3.6V 3.6V CL 
OUTPUT 
1.0V 1.0V Gay 
tseTUP << 
7 t HOLD 
F/G : 3.8V 
INPUT 3.2V| 3.2V 
0.8V | 0.8V 
0.4V 
INPUT 0.8V. | lk 6202 150pF 
, ae SS 
7 Ce 


2.4V 
Cee aap 
0.8V | 0.8V 
0.4V 


OTHER 
DEVICE 
INPUT 
t DELAY (max) 
t DELAY (min) «— 
DEVICE 
OUTPUT 


CAUTION: These devices are sensitive to electronic discharge. Proper I.C handling procedures should be followed. 
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82C284 


CLK AS A FUNCTION OF EFI 


EFI 


CLK 


NOTE: The EFI input LOW and HIGH times as shown are required to 
guarantee the CLK LOW and HIGH times shown. 


RESET AND READY TIMING AS A FUNCTION OF RES 
WITH $1, SO, ARDY + ARDYEN, AND SRDY + SRDYEN HIGH 


«— (re) — 


_ a? Note @ 
RES f \ i, \ / 
(24) 


Depends on YPprevious 
RESET state of ARES 


ae 


+1@2)« ) 


READY 


NOTE: This is an asynchronous input. The setup and hold times shown 
are required to guarantee the response shown. 


READY AND PCLK TIMING WITH RES HIGH 


s 4 TE 
P2 pi 


-1 p2 
CLK 
Si * 50 


Ac 
NDEFINEDV/IF THIS IS <—(s) 
—_ a Ed - One 


SRDY 
SRDY 
es 


+ TT 


a, 
+ 
ARDY 
: a 


ARDYEN 


eam rf Sa 


NOTES. 1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response 


shown. 


2. If SRDY + SRDYEN or ARDY + ARDYEN are active before and/ or during the first bus cycle after RESET, 
READY may not be deasserted until the falling edge of 2 of Ts. 
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82C284 


Waveforms (Continued) CLK AS A FUNCTION OF F/C, PCLK, X1, AND EFI 
DURING DYNAMIC FREQUENCY SWITCHING 


1 $2 et $2 1 ¢2 


NOTE: This is an asynchronous input. The setup and hold times are required to guarantee the response shown. 
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1 82C284/883 


Clock Generator and Ready Interface 
February 1992 for 80C286 Processors 


Features Description 


¢ This Circuit is Processed in Accordance to Mil-Std-883 and is The Harris 82C284/883 is a clock generator/driver 

Fully Conformant Under the Provisions of Paragraph 1.2.1. which provides clock signals for 80C286 proces- 
sors and support components. It also contains logic 
to supply READY to the CPU from either asynchro- 


Generates System Clock for 80C286 Processors 


¢ Generates System Reset Output from Schmitt Trigger Input nous or synchronous sources and synchronous 
- Improved Hysteresis RESET from an asynchronous input with hystere- 
sis. 


Uses Crystal or External Signal for Frequency Source 

- Dynamically Switchable Between Two Joput Frequencies 
Provides Local READY and MULTIBUS~ READY Synchroniza- 
tion 


Static CMOS Technology 


Single +5V Power Supply 


Available in 18 Lead Cerdip Package 


Pinout Functional Diagram m 
82C 284/883 (CERAMIC DIP) oul 
TOP VIEW re 
SF 
6 
RES RESET 
Oo. 
x1 
X2 CLK 
EF 
F/C 
ARDYEN 
ARDY 
SRDYEN 
SRDY READY 
a 
$0 PCLK 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C Handling Procedures. File Number 2968 
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Specifications 82C284/883 


Absolute Maximum Ratings 


SUPDIy VONGOS) acca c atte eeu een eek seed eran swsees +8.0V 
Input, Output or 1/O Voltage Applied...... GND-0.1V to VCC+1.0V 
Storage Temperature Range .............06- -65°C to +1509C 
Junction Temperature ....... 0. ccc cece cece eee teens +175°9C 
Lead Temperature (Soldering 10 S@C)........ cece eee eee +300°9C 
ESD. ClassitiGatlon: cexic es ce vcas axaee ds eeseeh ou oe wi ees Class 2 


Reliability Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ............2e000. 88.0°0C/W 27.0°C/W 
Maximum Package Power Dissipation at +1259C 
Ceramic DIP Package .......... cece cece eee ee eees 570mW 
Gale COUN ei ecco che Sass Hck een eaten ewe ce Pees 200 Gates 


CAUTION. Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated tn the operational sections of this specification is not implied 


Operating Conditions 


Operating Temperature Range ............06. -~55°C to +125°9C 
Operating Supply Voltage .......... eee rece ees +4.5V to +5.5V 


EFI Rise Time (From 0.8V to 3.2V).... 0... cee eee eee 8ns (Max) 
EFI Fall Time (From 3.2V to O.8V)...... ce cece eee eee 8ns (Max) 


TABLE 1. 82C0284/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


SYMBOL CONDITIONS 


PARAMETER 


Input LOW Voltage 
Input HIGH Voltage 


EFI, F/C Input High Volt. 
RES HIGH Voltage 


RES Input Hysteresis 


RESET, PCLK Output 
LOW Voltage 


RESET, PCLK Output 


Voltage 
READY Output LOW VOLR IOH = 10mA, 
Voltage VCC = 4.5V, Note 2 


CLK Output LOW 
Voltage 


CLK Output HIGH 
Voltage 


VOLC IOL = 5mA, 
VCC = 4.5V, Note 2 
VOHC IOH = -5mA, 
VCC = 4.5V, Note 2 
VIN = GND or VCC, 
VCC = 5.5V 


Input Leakage Current 


Active Power Supply 
Current 


82C284-12/883, 
Note 1 


GROUPA 
SUBGROUPS 


VIHC |vCC=5.5V -559C <Ty < +1259C 
OL 
OH 


VIHR VCC = 5.5V 1,2,3 -55°C <Ta <+1259C | VCC 
-0.8 
V IOL =5mA, 1,2,3 -55°C <Ta <+125°9C 0.4 
VCC = 4.5V, Note 2 
V IOH =-1mA, 1,2,3 -550C <TA <+125°C 
VCC = 4.5V, Note 2 
,3 


1,2,3 
ICCOP =| 82C284-10/883, 1,2,3 -559C <Ta < +1259C 
Note 1 


- 0.4 


- 0.4 


I2 


ia 


NOTES: 1. ICCOP measured at 10MHz for the 82C284-10/883 and at 12.5MHz for the 82C284-12/883. VIN = GND or VCC, VCC = 5.5V, outputs 


unloaded. 


2. Interchanging of force and sense conditions ts permitted. 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 2. 82C284/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. A.C. timings are referenced to 0.8V and 2.0V points of the signals as illustrated in datasheet 
(NOTE 1) GROUPA 


waveforms, unless otherwise specified. 
ane ae 
conpiTions |suscrouPs| TEMPERATURE [a [os UNITS 


PARAMETER 
EFILOW Time At VCC/2, Note 8 9, 10, 11 -559C <Ta < +1259C 
At VCC/2, Note 8 9, 10, 11 -550C <Ta < +1259C 


EFI HIGH Time 
Status Setup Time —— 9,10,11  |-55°C <Ta <+1259C 
. need _ 


SYMBOL 


Status Setup Time -§5°0C <Ta <+1259C 


for Status 
Going Inactive 


Status Hold Time 
F/C Setup Time 
F/C Hold Time 


SRDY or SRDYEN 
Setup Time 

SRDY or SRDYEN 
Hold Time 

ARDY or ARDYEN 
Setup Time 

ARDY or ARDYEN 
Hold Time 

RES Setup Time 
RES Hold Time 
CLK Period 


CLK LOW Period 
CLK HIGH Time 


READY Inactive 
Delay 

READY Active 
Delay 

PCLK Delay 
RESET Delay 


for Status 

Going Active 
9,10,11 |-55°C<Ta<+i250c| 1 | 
9,10,11 |-55°C <Ta <+1250C ae 


ere 

eee 

[er faerie 

a a 


Notes 3, 7 910,11 }-55°C <Ta<+125°C | 20 | 
Notes 3, 7 910,11 |-55°C<Ta<+125°C | 10 | 
9,10,11 |-55°C <Ta<+125°C | 50 | 


Notes 2,6 -550C <Tpa <+125°C 

At 0.8V. Note 4, 9, 10, 11 -559C < Ta <+125°9C 

Test Condition 2 

At O.8V. Note 4, 9,10,11  |-55°C <Ta <+1259C ak 

CL = 75pF, 9, 10, 11 -§59C < Ta < +1259C 

Test Condition 1 

CL= 75pF, 9, 10, 11 -55°C <Tpa <+1259C 

Test Condition 3 

PCLK LOW Time CL = 75pF, 9, 10, 11 -559C < Ta <4+125°9C ae 
Note 5 

PCLK HIGH Time CL = 75pF, 9, 10, 11 -55°C <Ta <+125°9C | t16- 
Note 5 10 


NOTES 1 VCC = 45V and 5 5V unless otherwise specified CLK loading. CL = 100pF 
2 With the internal crystal oscillator using recommended crystal and capacitive loading, or with the EFI input meeting specifications t1 and t2 The 
recommended crystal loading for CLK frequencies of 8MHz to 20MHz are 25pF from pin X1 to GND, and 15pF from pin X2 to GND, for CLK 
frequencies from 20MHz to 25MHz the recommended loading ts 15pF from pin X1 to GND, and 15pF from pin X2 to GND These recommended 
values are +5pF and include all stray capacitance Decouple VCC and GND as close to the 82C 284/883 as possible 


This is an asynchronous input This specification is given for testing purposes only, to assure recognition at a specific CLK edge 

The pull-up resistor value for the READY pin is 6202 with the rated 150pF load 

t16 refers to any allowable CLK period 

When using a crystal with the recommended capacitive loading, CLK output HIGH and LOW times are guaranteed to meet 80C 286 requirements 
Measured from 1 OV on the CLK to 0 8V on the RES waveform for RES active, and to 4 2V on the RES waveform for RES inactive 

Input test waveform characteristics VIL = 0 OV, VIH = 4 5V. 


ON OO & © 


CAUTION These devices are sensitive to electronic discharge Proper IC handling procedures should be followed 
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TABLE 3. 82C284/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


mer 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE ar [an UNITS 
Input Capacitance FREQ = 1MHz, All Ta = +259C 
measurements are 
referenced to device 
GND 


EFI HIGH to CLK t15A -559C <Ta <+125°9C 

LOW Delay 

EFI LOW to CLK -559C <Ta <+125°9C 
HIGH Delay 


CLK Rise Time 1.0V to 3.6V, -559C <Ta<+1259C 
CL = 100pF 


CL = 100pF 


X1 HIGH to CLK Ld -550C <Ta <+1259C 


NOTES: 1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design and after major process and/or design changes. 


2. Measured from 3.2V on the EFI waveform to 1.0V on the CLK. 
3. Measured from 0.8V on the EF! waveform to 3.6V on the CLK. 
4. Measured from 3.6V on the X1 input to 3.6V on the CLK. 


CLK Fall Time 3.6V to 1.0V, -559C <Ta <+1259C 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD SUBGROUPS 


Praen | voonsooe 
a 
Teoma dare SBOTOT 


CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 


4-170 


82C284/883 


A.C. Specifications (Continued) 


A.C. DRIVE, SETUP, HOLD AND DELAY TIME MEASUREMENT POINTS 


3.8V 
EFI INPUT 
0.4V 
<— ! DELAY (max) 
VCC - 0.4V 
CLK 3.6V 3.6V 
OUTPUT 
1.0V TOW aa 
tSETUP—> + 
_ tHOLD 
F/C 3.8V 
INPUT 3.2V | 3.2V 
0.8V | 0.8V 
0.4V 


al VCC - 0.4V 
RES NY oe Va 
INPUT 0.8V. 
/ 0.4V 


2.6V 
OTnER 2.0V| 2.0V 
eats 4 0.8V | 0.8V 
INPUT ‘ ; 0.4V 


t DELAY (max) 
t DELAY (min) 


DEVICE 
OUTPUT 


CMOS 
PERIPHERALS 


A.C. Test Condition 


Vcc 
ee 
RL 
ee 
DEVICE 
CL 
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Waveforms CLK AS A FUNCTION OF EFI 


EFI 


CLK 


NOTE The EFI input LOW and HIGH times as shown are required to 
guarantee the CLK LOW and HIGH times shown 


RESET AND READY TIMING AS A FUNCTION OF RES 
WITH S1, SO, ARDY + ARDYEN, AND SRDY + SRDYEN HIGH 


-@- 


CLK 
are 


RES 


Depends on BS) 
RESET oer state of po 
+@y a) 


READY 


NOTE: This is an asynchronous input. The setup and hold times shown 
are required to guarantee the response shown. 


READY AND PCLK TIMING WITH RES HIGH 


— Ts Tc 


£2 
~ cael 
S1* SO 
oo ve ac 
PCLK qe (ea THIS ae @ 7 


VEIRST Bu B (evoue 
SRDY oe 


NOTES: 1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response 
shown. 


2. If SRDY + SRDYEN or ARDY + ARDYEN are active before and/ or during the first bus cycle after RESET, 
READY may not be deasserted until the falling edge of 2 of Ts. 
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Waveforms (Continued) CLK AS A FUNCTION OF F/C, PCLK, X1, AND EFI 
DURING DYNAMIC FREQUENCY SWITCHING 


see 3 eee ¢2 ¢1 $2 1 $2 


CLK 


NOTE: This is an asynchronous input. The setup and hold times are required to guarantee the response shown. 


CMOS 
PERIPHERALS 
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Burn-In Circuit 


18 PIN CERAMIC DIP 


R1 
F7 a4 18] vcc 
R1 R1 
FS B FS 
R1 R1 
F6 3 16) i 
R1 R1 
VCC/ 2 4 | 15 F10 
R1 R1 
FI g i] NC 
R1 R1 
F12 G VCC/ 2 
R1 R1 
FO 7 | VCC/ 2 
R1 | R1 
VCC/ 2 48 | : Fit 
J R1 
GND 9 | 10) VGC/ 2 
T. 
vCcC 
NOTES: 1. Supply Voltage: VCC = 5.5V, +0.5V, GND = OV 6. Special requirements: 
Driver Voltage VIH = 4.5V + 10%, VIL = OV (a) Electrostatic Discharge Sensitive. Proper precautions must 
2. Input Voltage Limits: VIL (Max) = 0.4V, be used when handling units. 
VIH (Min) = 2.6V (b) All power supplies must be at zero volts when the boards are 


inserted into the ovens. After insertion, apply VCC first, then 


3. Component Values: R1 = 47k2 activate the driver power supplies. 


C1 = 0.1yF (Min) 


4. Oven type and frequency requirements microtest, 
FO through F1i2 


§. Approximate current per unit. ICC = O3mA 


7. Oscilloscope measurements: To be on loaded boards before 
insertion into the oven. 


Packaging 
18 PIN CERAMIC DIP 


.882 
.915 .140 
.0OOS MIN .170 


.200 MAX 
1 


2015, 150 MIN 
.060 - 
125 .098 MAX ae 
180 r 100 
ocho BSC 
023 
.050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
- SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: 
MATERIALS: Compliant to Mil-M-38510 Mil-Std-1835, GDIP1-T18 


NOTE: All Dimensions are File , Dimensions are in inches. 
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Metallization Topology 
DIE DIMENSIONS: 
63 x 69 x 19 + 1 mils 


METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 8kA 


GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA 


DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 


WORST CASE CURRENT DENSITY: 
2 x 10° A/cm2 


LEAD TEMPERATURE (10 Seconds Soldering): < 300°C 


Metallization Mask Layout 
82C284/883 


SRDY ARDY vec ARDYEN 


SRDYEN 


PERIPHERALS 


READY 
NC 


EF! 


= PCLK 
F/C 


x1 RESET 


X2 GND CLK RES 
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SEMICONDUCTOR 


82C37A 


CMOS High Performance 


February 1992 


Programmable DMA Controller 


Features 
¢ Compatible with the NMOS 8237A 


e¢ Four Independent Maskable Channels with Autoinitial- 


ization Capability 


Cascadable to any Number of Channels 


e High Speed Data Transfers: 
- Up to 4 MBytes/sec with 8MHz Clock 
- Up to 6.25 MBytes/sec with 12.5MHz Clock 


¢ Memory-to-Memory Transfers 


e Static CMOS Design Permits Low Power Operation 
- ICCSB = 10uA Maximum 
- ICCOP = 2mA/MHz Maximum 


e¢ Fully TTL/CMOS Compatible 
internal Registers may be Read from Software 


Description 


The 82C37A is an enhanced version of the industry standard 
8237A Direct Memory Access (DMA) controller, fabricated 
using Harris’ advanced 2 micron CMOS process. Pin com- 
patible with NMOS designs, the 82C37A offers increased 
functionality, improved performance, and dramatically 
reduced power consumption. The fully static design permits 
gated clock operation for even further reduction of power. 


The 82C37A controller can improve system performance by 
allowing external devices to transfer data directly to or from 
system memory. Memory-to-memory transfer capability is 
also provided, along with a memory block initialization fea- 
ture. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable 
with a variety of features for flexible operation. 


The 82C37A is designed to be used with an external 
address latch, such as the 82C82, to demultiplex the most 
significant 8 bits of address. The 82C37A can be used with 
industry standard microprocessors such as 80C286, 80286, 
80C86, 80C88, 8086, 8088, 8085, Z80, NSC800, 80186 and 
others. Multimode programmability allows the user to select 
from three basic types of DMA services, and reconfiguration 
under program control is possible even with the clock to the 
controller stopped. Each channel has a full 64K address and 
word count range, and may be programmed to autoinitialize 
these registers following DMA termination (end of process). 


Ordering Information 


Plastic DIP 


Ceramic DIP 


mone | Maan | cme | ame | ase 
RANGE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper | C. Handling Procedures. 
Copyright © Harris Corporation 1992 4-176 


File Number 


23967 


Pinouts 


40 LEAD DIP 
TOP VIEW 


RESET 
DACK2 
DACK3 
DREQ3 
DREQ2 
DREQ1 
DREQO 
(GND) Vgg 


TIMING 
AND 
CONTROL 


PRIORITY 
ENCODER 
AND 
ROTATING 


paionnry f—] Mask KO 7 f 

LOGIC eae ao 
REQUEST [| MODE STATUS TEMPORARY 
Pa he 


82C37A 


44 LEAD LCC/PLCC 
TOP VIEW 


N.C. 
N.C. 
HLDA 
ADSTB 
AEN 
HRQ 
cs 
CLK 
RESET 
DACK2 
N.C. 


(cmt A sale I sada UN nie WN seale O eata chee she senda hl 
£191 1208 1211 1221 123t 1241 1251 1261 1271 1288 


27 0O NAN + on OM ~ OO 
2 o poor’ 
Saad . 5 a a6 5 
<cacgt << 
oaqaaa a O40 


CMOS 
PERIPHERALS 


DECREMENTOR INC DECREMENTOR 
TEMP WORD TEMP ADDRESS 
COUNT REG (16) REG (16) 


16 BIT BUS 


16 BIT BUS 


READ BUFFER READ WRITE BUFFER 


10 
7 BUFFER Erp 
OUTPUT 
BUFFER paar > 


COMMAND 
CONTROL 


Zoe 
WRITE READ 
BUFFER BUFFER 


INTERNAL DATA BUS 


COMMAND 
a KY 


U 


(4 x 6) 


4-177 


82C37A 


Pin Description 
TABLE 1. 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 
vcc 31 VCC: is the +5V power supply pin. A 0.1uF capacitor between pins 31 and 20 is recommended 
for decoupling. 


ee 


CLOCK INPUT: The Clock Input is used to generate the timing signals which control 82C37A 
operations. This input may be driven from DC to 12.5MHz for the 82C37A-12, from DC to 8MHz 
for the 82C37A, or from DC to 5MHz for the 82C37A-5. The Clock may be stopped in either state 
for standby operation. 


cs CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus 
for CPU communications. 


RESET RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set 
to ignore requests. Following a Reset, the controller is in an idle cycle. 


READY READY: This signal can be used to extend the memory read and write pulses from the 82C37A to 
accommodate slow memories or I/O devices. Ready must not make transitions during its 


specified set-up and hold times. See Figure 14 for timing. Ready is ignored in verify transfer mode. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the 
rising edge of clock, during which time HLDA must not transition. 


DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line ofa 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is program- 
mable. Reset initializes these lines to active high. DREQ must be maintained until the correspond- 
ing DACK goes active. DREQ will not be recognized while the clock is stopped. Unused DREQ 
inputs should be pulled High or Low (inactive) and the corresponding mask bit set. 


HLDA 


DREQO- 
DREQ3 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the I/O Read to output the contents 
of a register to the CPU. The outputs are disabled and the inputs are read during an I/O Write 
cycle when the CPU is programming the 82C37A control registers. During DMA cycles, the most 
significant 8 bits of the address are output onto the data bus to be strobed into an external latch 
by ADSTB. In memory-to-memory operations, data from the memory enters the 82C37A on the 
data bus during the read-from-memory transfer, then during the write-to-memory transfer, the 
data bus outputs write the data into the new memory location. 


//O i/O READ: I/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input 
contro! signal used by the CPU to read the control registers. In the Active cycle, it is an output 


control signal used by the 82C37A to access data from a peripheral during a DMA Write transfer. 


Oo 
og 
59 


re) 
= 


/O 1/O WRITE: I/O Write is a bidirectional active low three-state line. In the Idle cycle, it is an input 
control signal used by the CPU to load information into the 82C37A. In the Active cycle, it is an 


output control signal used by the 82C37A to load data to the peripheral during a DMA Read transfer. 


/O END OF PROCESS: End of Process (EOP) is an active low bidirectional signal. Information 
concerning the completion of DMA services is available at the bidirectional EOP pin. 


The 82C37A allows an external signal to terminate an active DMA service by pulling the EOP pin 
low. A pulse is generated by the 82C37A when terminal count (TC) for any channel is reached, 


except for channel 0 in memory-to-memory mode. During memory-to-memory transfers, EOP 
will be output when the TC for channel 1 occurs. 


The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up 
resistor to VCC. 


When an EOP pulse occurs, whether internally or externally generated, the 82C37A will terminate 
the service, and if autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for autoinitialize. In that case, the mask bit 
remains clear. 
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Pin Description 


TABLE 1. 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 
AQ-A3 32-35 /O ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 82C37A to address the control register to be loaded or 
read. In the Active cycle, they are outputs and provide the lower 4 bits of the output address. 
A4-A7 37-40 ee ADDRESS: The four most significant address lines are three-state outputs and provide 4 bits of 


address. These lines are enabled only during the DMA service. 
state 


HOLD REQUEST: The Hold Request (HRQ) output is used to request contro! of the system bus. 
DACKO- 14,15 
DACK3 24,25 


When a DREQ occurs and the corresponding mask bit is clear, or a software DMA request is 
made, the 82C37A issues HRQ. The HLDA signal then informs the controller when access to the 
system busses is permitted. For stand-alone operation where the 82C37A always controls the 
busses, HRQ may be tied to HLDA. This will result in one SO state before the transfer. 


DMA ACKNOWLEDGE: DMA acknowledge is used to notify the individual peripherals when one 
has been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to 
active low. 


ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 


ADDRESS STROBE: This is an active high signal used to control latching of the upper address 
byte. It will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be up- 
dated, thus speeding operation through elimination of S1 states. ADSTB timing is referenced to the 
falling edge of the 82C37A clock. 


MEMR 3 MEMORY READ: The memory Read signal is an active low three-state output used to access 
data from the selected memory location during a DMA Read or a memory-to-memory transfer. 


MEMORY WRITE: The Memory Write is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a memory-to-memory transfer. 
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Functional Description 


The 82C37A direct memory access controller is designed 
to improve the data transfer rate in systems which must 
transfer data from an I/O device to memory, or move a block 
of memory to an I/O device. It will also perform memory-to- 
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided 
to handle single byte transfers as well as discontinuous 
data streams, which allows the 82C37A to control data 
movement with software transparency. ~~ 


The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string instruc- 
tions. Memory-to-memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so memory-to-memory 
transfers take place at less than half the rate of I/O 
operations, but still much faster than with central processor 
techniques. The maximum data transfer rates obtainable 
with the 82C37A are shown in Figure 1. 


The block diagram of the 82C37A is shown on page 2. The 
timing and control block, priority block, and_ internal 
registers are the main components. Figure 2 lists the name 
and size of the internal registers. The timing and control 
block derives internal timing from the clock input, and 
generates external control signals. The Priority Encoder 
block resolves priority contention between DMA channels 
requesting service simultaneously. 


82C37A 
TRANSFER TYPE UNIT 


Compressed 2.50 4.00 6.25 MByte/sec 
Normal I/O 1.67 2.67 4.17 MByte/sec 


Memory-to- 0.63 1.00 1.56 MByte/sec 
Memory 


FIGURE 1. DMA TRANSFER RATES 


DMA Operation 


In a system, the 82C37A address and control outputs and 
data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 
address byte. While inactive, the controller’s outputs are ina 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C37A 
drives the busses and generates the control signals to 
perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 
been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 


[Rg ee eee ee ee ee ee 


For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C37A Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
that channel’s Word Count register. The corresponding 
Mode register is programmed for a memory-to-I/O 
operation (read transfer), and various options are selected 
by the Command register and other Mode register bits. The 
channel’s mask bit is cleared to enable recognition of a 
DMA request (DREQ). The DREQ can either be a hardware 
signal or a software command. , 


Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous MEMR 
and IOW pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the !/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 


16 Bits 


Base Address Registers 

Base Word Count Registers 16 Bits 
Current Address Registers 16 Bits 
Current Word Count Registers 16 Bits 
Temporary Address Register 16 Bits 


16 Bits 


Temporary Word Count Register 


Status Register 8 Bits 


Command Register 8 Bits 


Temporary Register 8 Bits 


Mode Registers 6 Bits 


Mask Register 4 Bits 


Request Register 4 Bits 


FIGURE 2. 82C37A INTERNAL REGISTERS 


To further understand 82C37A operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, active and 
idle. After being programmed, the controller is normally idle 
until a DMA request occurs on an unmasked channel, or a 
software request is given. The 82C37A will then request 
control of the system busses and enter the active cycle. 
The active cycle is composed of several internal states, 
depending on what options have been selected and what 
type of operation has been requested. 
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The 82C37A can assume seven separate states, each 
composed of one full clock period. State | (SI) is the idle 
state. It is entered when the 82C37A has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in Sl, 
the DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 


State O (SO) is the first state of a DMA service. The 82C37A 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C37A may still be programmed 
until it has received HLDA from the CPU. An acknowledge 
from the CPU will signal that DMA transfers may begin. $1, 
$2, S3 and S4 are the working states of the DMA service. If 
more time is needed to complete a transfer than is available 
with normal timing, wait states (SW) can be inserted 
between S3 and S4 in normal transfers by the use of the 
Ready line on the 82C37A. For compressed transfers, wait 
states can be inserted between S2 and S4. See timing 
Figures 14 and 15. 


Note that the data is transferred directly from the I/O device 
to memory (or vice versa) with IOR and MEMW (or MEMR 
and IOW) being active at the same time. The data is not read 
into or driven out of the 82C37A in |I/O-to-memory or 
memory-to-I/O DMA transfers. 


Memory-to-memory transfers require a read-from and a 
write-to memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a 
single transfer. The first four states (S11,S12, $13, S14 are 
used for the read-from-memory half and the last four states 
(S21, S22, S23, S24) for the write-to-memory half of the 
transfer. 


Idle Cycle 


When no channel is requesting service, the 82C37A will 
enter the Idle cycle and perform “SI!” states. In this cycle, the 
82C37A will sample the DREQ lines on the falling edge of 
every clock cycle to determine if any channel is requesting a 
DMA service. 


Note that for standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C37A. When CS is low and HLDA is low, the 82C37A 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by 
reading from or writing to the internal registers. 


The 82C37A may be programmed with the clock stopped, 
provided that HLDA is low and at least one rising clock 
edge has occurred after HLDA was driven low, so the 
controller is in an Sl state. Address lines AO-A3 are inputs to 
the device and select which registers will be read or written. 
The lOR and IOW lines are used to select and time the read 
or write operations. Due to the number and size of the 
internal registers, an internal flip-flop called the First/Last 
Flip-Flop is used to generate an additional bit of address. 
The bit is used to determine the upper or lower byte of the 
16-bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. Separate software 
commands can also set or reset this flip-flop. 


Special software commands can be executed by the 
82C37A in the Program Condition. These commands are 
decoded as sets of addresses with CS, IOR, and IOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 


Active Cycle 


When the 82C37A is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will issue HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA service will 
take place, in one of four modes: 


Single Transfer Mode - In single transfer mode, the device 
is programmed to make one transfer only. The word 
count will be decremented and the address decremented or 
incremented following each transfer. When the word count 
“rolls over” from zero to FFFFH, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 


DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer, HRQ 
will go inactive and release the bus to the system. It will 
again go active and, upon receipt of a new HLDA, another 
single transfer will be performed, unless a higher priority 
channel takes over. In 8080A, 8085A, 80C88, or 80C86 
systems, this will ensure one full machine cycle execution 
between DMA transfers. Details of timing between the 
82C37A and other bus control protocols will depend upon 
the characteristics of the microprocessor involved. 


Block Transfer Mode - In Block Transfer mode, the device 
is activated by DREQ or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EOP) is encountered. DREQ need only be held active until 
DACK becomes active. Again, an Autoinitialization will 
occur at the end of the service if the channel has been 
programmed for that option. 


Demand Transfer Mode - In Demand Transfer mode the 
device continues making transfers until a TC or external 
EOP is encountered, or until DREQ goes inactive. Thus, 
transfers may continue until the I/O device has exhausted 
its data capacity. After the I/O device has had a chance to 
catch up, the DMA service is reestablished by means of a 
DREQ. During the time between services when the 
microprocessor is allowed to operate, the intermediate val- 
ues of address and word count are stored in the 82C37A 
Current Address and Current Word Count registers. Higher 
priority channels may intervene in the demand process, 
once DREQ has gone inactive. Only an EOP can cause an 
Autoinitialization at the end of the service. EOP is generated 
either by TC or by an external signal. 


Cascade Mode - This mode is used to cascade more than 
one 82C37A for simple system expansion. The HRQ and 
HLDA signals from the additional 82C37A are connected to 
the DREQ and DACK signals respectively of a channel for 
the initial 82C37A. This allows the DMA requests of the 
additional device to propagate through the priority network 
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circuitry of thé preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial 82C37A is used only for prioritizing the additional 
device, it does not output an address or control signals of its 
own. These could conflict with the outputs of the active 
channel in the added device. The initial 82C37A_ will 
respond to DREQ and generate DACK but all other outputs 
except HRQ will be disabled. An external EOP will be 
ignored by the initial device, but will have the usual effect on 
the added device. 


Figure 3 shows two additional devices cascaded with an 
initial device using two of the initial device’s channels. This 
forms a two-level DMA system. More 82C37As could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 


2ND LEVEL 


80C86/88 
MICRO - 
PROCESSOR 


82C37A 


1ST LEVEL 


1HRQ DREQ 
HLDA DACK 


HRQ 


82C37A 


INITIAL DEVICE 82C37A 


ADDITIONAL 
DEVICES 


FIGURE 3. CASCADED 82C37As 


When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device’s mask bits function normally 
on cascaded channels, so they may be used to inhibit 
second-level services. 


Transfer Types 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and 
Verify. Write transfers move data from_an !/O device to the 
memory by activating MEMW and IOR. Read transfers 
move data from memory to an I/O device by activating 
MEMR and IOW. 


The 82C37A 
Write transfers generating 


Verify transfers 
operates as_ in 


are pseudo-transfers. 
Read or 


addresses and responding to EOP, etc., however the 
memory and I/O control lines all remain inactive. Verify 
mode is not permitted for memory-to-memory operation. 
Ready is ignored during verify transfers. 


Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically 
restored from the Base Address and Base Word Count 
registers of that channel following EOP. The base registers 
are loaded simultaneously with the current registers by the 
microprocessor and remain unchanged throughout the 
DMA service. The mask bit is not set when the channel is in 
Autoinitialize mode. Following Autoinitialization, the channel 
is ready to perform another DMA service, without CPU 
intervention, as soon as a valid DREQ is detected, or 
software request made. 


Memory-to-Memory ~- To perform block moves of data 
from one memory address space to another with minimum 
of program effort and time, the 82C37A includes a memory- 
to-memory transfer feature. Setting bit O in the Command 
register selects channels 0 and 1 to operate as memory-to- 
memory transfer channels. 


The transfer is initiated by setting the software or hardware 
DREQ for channel 0. The 82C37A requests a DMA service 
in the normal manner. After HLDA is true, the device, using 
four-state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C37A internal Temporary 
register. Another four-state transfer moves the data to mem- 
ory using the address in channel one’s’ Current 
Address register and incrementing or decrementing it in 
the normal manner. The channel 1 Current Word Count is 
decremented. 


When the word count of channel 1 decrements to FFFFH, 
a TC is generated causing an EOP output, terminating 
the service, and setting the channel 1 TC bit in the Status 
register. The channel 1 mask bit will also be set, unless 
the channel 1 mode register is programmed for 
autoinitialization. Channel O word count decrementing to 
FFFFH will not set the channel 0 TC bit in the status register 
or generate an EOP, or set the channel O mask bit in this 
mode. It will cause an autoinitialization of channel 0, if that 
option has been selected. 


if full Autoinitialization for a memory-to-memory operation 
is desired, the channel O and channel 1 word counts must 
be set to equal values before the transfer begins. Otherwise, 
if channel O underflows before channel 1, it will autoinitialize 
and set the data source address back to the beginning of 
the block. If the channel 1 word count underflows before 
channel O, the memory-to- memory DMA service will termi- 
nate, and channel 1 will autoinitialize but channel O will not. 


In memory-to-memory mode, Channel O may be pro- 
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
channel 0 address hold feature is selected by setting bit 1 in 
the Command register. 
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The 82C37A will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (i.e., after an 
$24 state). It should be noted that an external EOP cannot 
cause the channel 0 Address and Word Count registers to 
autoinitialize, even if the Mode register is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channel 1 registers, if so programmed. Data comparators in 
block search schemes may use the EOP input to terminate 
the service when a match is found. The timing of memory- 
to-memory transfers is found in Figure 13. Memory-to- 
memory operations can be detected as an active AEN with 
no DACK outputs. 


Priority - The 82C37A has two types of priority encoding 
available as software selectable options. The first is Fixed 
Priority which fixes the channels in priority order based 
upon the descending value of their numbers. The channel 
with the lowest priority is 3 followed by 2, 1 and the highest 
priority channel, O. After the recognition of any one channel 
for service, the other channels are prevented from interfering 
with the service until it is completed. 


The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from 
the channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses is returned to the processor. 


Rotating Priority 


1st 2nd 3rd 
Service Service Service 
highest O 2 «service 3 «service 


1 service 3 «request (¢) 
lowest 2 \o 1 


3 1 2 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents any one channel from monopolizing 
the system. 


Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 82C37A. 


Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
82C37A can compress the transfer time to two clock 
cycles. From Figure 12 it can be seen that state S3 is used 
to extend the access time of the read pulse. By removing 
state S3, the read pulse width is made equal to the write 
pulse width and a transfer consists only of state S2 to 
change the address and state S4 to perform the read/write. 
$1 states will still occur when A8-A15 need updating (see 
Address Generation). Timing for compressed transfers is 
found in Figure 15. EOP will be output in S2 if compressed 
timing is selected. Compressed timing is not allowed for 
memory-to-memory transfers. 


Address Generation - In order to reduce pin count, the 
82C37A multiplexes the eight higher order address bits on 


the data lines. State S1 is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C37A 
directly. Lines AO-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between CLK, 
AEN, ADSTB, DBO-DB7 and AO-A7. 


During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
Change when a Carry or borrow from A7 to A8 takes place 
in the normal sequence of addresses. To save time and 
speed transfers, the 82C37A executes $1 states only when 
updating of A8-A15 in the latch is necessary. This means 
for long services, S1 states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 


Programming 


The 82C37A will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising clock edge has occurred after HLDA went low. It is 
the responsibility of the host to assure that programming 
and HLDA are mutually exclusive. 


Note that a problem can occur if a DMA request occurs 
on an unmasked channel while the 82C37A is being 
programmed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 when 
channel 1 receives a DMA request. If the 82C37A is 
enabled (bit 2 in the Command register is 0), and channel 1 
is unmasked, a DMA service will occur after only one byte 
of the Address register has been reprogrammed. This 
condition can be avoided by disabling the controller (setting 
bit 2 in the Command register) or masking the channel 
before programming any of its registers. Once the program- 
ming is complete, the controller can be enabled/unmasked. 


After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 


Register Description 


Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of 
the address used during DMA transfers. The address is 
automatically incremented or decremented by one after 
each transfer and the values of the address are stored in the 
Current Address register during the transfer. This register is 
written or read by the microprocessor in successive 8-bit 
bytes. See Figure 6 for programming information. It 
may also be reinitialized by an Autoinitialize back to its origi- 
nal value. Autoinitialize takes place only after an EOP. In 
memory-to-memory mode, the channel 0 Current Address 
register can be prevented from incrementing § or 
decrementing by setting the address hold bit in the 
Command register. 
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Current Word Count Register - Each channel has a 
16-Bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e., 
programming a count of 100 will result in 101 transfers). 
The word count is decremented after each transfer. When 
the value in the register goes from zero to FFFFH, a TC will 
be generated. This register is loaded or read in successive 
8-bit bytes by the microprocessor in the Program 
Condition. See Figure 6 for programming information. 
Following the end of a DMA service it may also be 
reinitialized by an Autoinitialization back to its original value. 
Autoinitialization can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of FFFFH 
after TC. 


Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize 
these values are used to restore the current registers to their 
original values. The base registers are written simultaneously 
with their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. See Figure 6 
for programming information. These registers cannot be 
read by the microprocessor. 


Command Register - This 8-bit register controls the 
operation of the 82C37A. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The following diagram lists the function of the 
Command register bits. See Figure 4 for Read and Write 
addresses. 


Command Register 


[7/1 6) 51 4/3) 2/ 1/0 


Bit Number 


QO Memory -to - memory disable 
1 Memory -to - memory enable 


O Channel O address hold disable 
1 Channel O address hold enable 
X IifbtoO= 0 

O Controller enable 

1 


Controller disable 


Normal timing 
Compressed timing 
IfbittO= 1 


Fixed priority 
Rotating priority 


= O <= 


Late write selection 
Extended write selection 
Ifbt3= 1 


DREQ sense active high 
DREQ sense active low 


=O ™-«“™%-Oo 


DACK sense active low 
DACK sense active high 


=o 


Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits O and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits O and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 


Mode Register 


|7/ 6/5] 4] 3] 2/1/0 Bit Number 
seaengene 

OO Channel O select 

O01 Channel 1 select 

10 Channel 2 select 

11 Channel 3 select 

XX Readback 


OO Verify transfer 

O01 Write transfer 

10 Read transfer 

11. Illegal 

XX If bits6 and 7= 11 


O._—sC AAutto initialization disable 
1 Autoinitialization enable 


O Address increment select 
1 Address decrement select 


oOo Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 


Request Register - The 82C37A can respond to requests 
for DMA service which are initiated by software as well as 
by a DREQ. Each channel has a request bit associated with 
it in the 4-bit Request register. These are non-maskable 
and subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a Reset or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register ad- 
dress coding, and the following diagram for Request regi- 
ster format. A software request for DMA operation can be 
made in block or single modes. For memory-to-memory 
transfers, the software request for channel O should be set. 
When reading the Request register, bits 4-7 will always 
read as ones, and bits 0-3 will display the request bits of 
channels 0-3 respectively. 


Request Register 


_7( 6] 5] 4/3] 2/ 1/0) 


Bit Number 


gah OO Select channel 0 

Bits 4 -7 O1 Select channel 1 

10 Select channel 2 

All Ones, 11 Select channel 3 
Read 


O Reset request bit 
1 Set request bit 
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Mask Register - Each channel has associated with it a mask 
bit which can be set to disable an incoming DREQ. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register is 
also set by a Reset or Master Clear. This disables all hardware 
DMA requests until a Clear Mask Register instruction allows 
them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits 0-3 will display the mask bits of 
channels O-3, respectively. The 4 bits of the mask register 
may be cleared simultaneously by using the Clear Mask 
Register command (see software commands section). 


Mask Register 
[7/61 5/ 4] 3/2] 1/0) 


SSSA 


Bit Number 


OO Select channel O mask bit 
O1 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11. Select channel 3 mask bit 


Don’t Care 


Clear mask bit 
Set mask bit 


All four bits of the Mask register may also be written with a 
single command. 


|7/ 6/5/41 3/2/11 0) Bit Number 
SSS 
Don’t Care, O Clear channel O mask bit 
Write 1 Set channel O mask bit 
All Ones, 
Read 


O Clear channel 1 mask bit 
1 Set channel 1 mask bit 


O Clear channel 2 mask bit 
1 Set channel 2 mask bit 


O Clear channel 3 mask bit 
1 Set channel 3 mask bit 


Status Register - The Status register is available to be 
read out of the 82C37A by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached a 
terminal count and which channels have pending DMA 
requests. Bits O-3 are set every time a TC is reached by that 
channel or an external EOP is applied. These bits are 
cleared upon Reset, Master Clear, and on each Status 
Read. Bits 4-7 are set whenever their corresponding 
channel is requesting service, regardless of the mask bit 
state. If the mask bits are set, software can poll the Status 
register to determine which channels have DREQs, and 
selectively clear a mask bit, thus allowing user defined 
service priority. Status bits 4-7 are updated while the clock 
is high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. 


Status Register 


7/6] 5/ 4/3) 2/ 1/0) 


Bit Number 


1 Channel O has reached TC 
1 Channel 1 has reached TC 
1 Channel 2 has reached TC 


1 Channel 3 has reached TC 


1 Channel 0 request 
1 Channel 1 request 
1 Channel 2 request 
1 Channel 3 request 


Temporary Register - The Temporary register is used to 
hold data during memory-to-memory transfers. Following 
the completion of the transfers, the last byte moved can be 
read by the microprocessor. The Temporary register always 
contains the last byte transferred in the previous memory-to- 
memory operation, unless cleared by a Reset or Master Clear. 


oenarion | as | ae Tas | to | toto 


Read Status Register 
Write Command Register 
Read Request Register 
Write Request Register 
Read Command Register 
Write Single Mask Bit 
Read Mode Register 
Write Mode Register 

Set First/Last F/F 

Clear First/Last F/F 

Read Temporary Register 
Master Clear 

Clear Mode Reg. Counter 
Clear Mask Register 
Read All Mask Bits 

Write All Mask Bits 
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mmm ekhk kk ak 
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FIGURE 4. SOFTWARE COMMAND CODES AND REGISTER CODES 
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There are special software commands which can be 
executed by reading or writing to the 82C37A. These 
commands do not depend on the specific data pattern on 
the data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 


Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 82C37A. This command initializes the 
flip-flop to a Known state (low byte first) so that subsequent 
accesses to register contents by the microprocessor will 
address upper and lower bytes in the correct sequence. 


Set First/Last Flip-Flop: This command will set the flip- 
flop to select the high byte first on read and write operations 
to address and word count registers. 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask 
register is set. The 82C37A will enter the Idle cycle. 


Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 
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Clear Mode Register Counter: Since only one address 
location is available for reading the Mode registers, an 
internal two-bit counter has been included to select Mode 
registers during read operations. To read the Mode 
registers, first execute the Clear Mode Register Counter 
command, then do consecutive reads until the desired 
channel is read. Read order is channel 0 first, channel 3 last. 
The lower two bits on all Mode registers will read as ones. 


External EOP Operation 


The EOP pin is a bidirectional, open drain pin which may be 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up 
resistor to VCC is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is important to note that the 82C37A will not 
accept external EOP signals when it is in an Sl (Idle) state. 
The controller must be active to latch EXT EOP. Once 
latched, the EXT EOP will be acted upon during the next S2 
state, unless the 82C37A enters an idle state first. In the 
latter case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recognized, since the 82C37A is in an SI state. 


FIRST/LAST 
FLIP-FLOP | DATABUS 
STATE DBO-DB7 
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FIGURE 5. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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Application Information 


Figure 6 shows an application for a DMA _ system 
utilizing the 82C37A DMA controller and the 80C88 
Microprocessor. In this application, the 82C37A DMA 
controller is used to improve system performance by 
allowing an I/O device to transfer data directly to or from 
system memory. 


Components 


The system clock is generated by the 82C84A clock driver 
and is inverted to meet the clock high and low times 
required by the 82C37A DMA controller. The four OR gates 
are used to support the 80C88 Microprocessor in minimum 
mode by producing the control signals used by the proces- 
sor to access memory or I/O. A decoder is used to generate 
chip select for the DMA controller and memory. The most 
significant bits of the address are output on the address/ 
data bus. Therefore, the 82C82 octal latch is used to 
demultiplex the address. Hold Acknowledge (HLDA) and 


82C84A 
OR 
82C85 


| CLK 


MEMORY Jf 


NOTE The address lines need pull-up resistors 


ADDRESS BUS 


AEF IEF A SN SY SEY EE AE LT AEEY OT SIO AE EET 


DATA BUS 


Address Enable (AEN) are “ORed” together to insure that 
the DMA controller does not have bus contention with the 
microprocessor. 


Operation 


A DMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue 
a Hold request (HRQ) to the processor. The system 
busses are not released to the DMA controller until a Hold 
Acknowledge signal is returned to the DMA controller from 
the 80C88 processor. After the Hold Acknowledge has 
been received, addresses and control signals are generated 
by the DMA controller to accomplish the DMA transfers. 
Data is transferred directly from the I/O device to memory 
(or vice versa) with IOR and MEMW (or MEMR and IOW) 
being active. Note that data is not read into or driven out of 
the DMA controller in |[/O-to-memory or memory-to-|l/O 
data transfers. 


vVcC 


82C37A 


CLK 
cs 
ADSTB 


EOP 
HLDA 
Jor 
1OW 
MEMR 
MEMW 
HRQ 
DREQO 
DACK 


AEN 


AO -7 
DBO -7 


cs 
DREQ 


1/0 
DEVICE 


FIGURE 6. APPLICATION FOR DMA SYSTEM 
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Figure 7 shows an application for a DMA system using the 
82C37A DMA controller and the 80C286 Microprocessor. 


In this application, the system clock comes from the 
82C284 clock generator PCLK signal which is inverted to 
provide proper READY setup and hold times to the DMA 
controller in an 80C286 system. The Read and Write 
signals from the DMA controller may be wired directly to 
the Read/Write control signals from the 82C288 Bus 


CHIP SELECT 
DECODE|____ > TO MEMORY/ 
PERIPHERALS 


80C286 


AEN EOP DO -D7 
ADSTB 
HRQ 
HLDA 


82C37A 


| AO - A23 
| MEMORY|* MEMR 
+ MEMW 
TRANSCEIVER 
+ MEMCS 


MEMW 


S- CLK 
A ae 
.,. | 


Controller. The octal latch for A8 - A15 from the DMA 
controller's data bus is on the local 80C286 address bus so 
that memory chip selects may still be generated during 
DMA transfers. The transceiver on AO - A7 is controlled 
by AEN and is not necessary, but may be used to drive a 
heavily loaded system address bus during transfers. The 
data bus transceivers simply isolate the DMA controller 
from the local microprocessor bus and allow programming 
on the upper or lower half of the data bus. 


LATCH 


| 


1/0 
DEVICE 


DREQ 
CS 


AEN 


AO -A7 
JOR 
lOW 

MEMR 


TO CORRESPONDING 
82C288 SIGNALS AND 
MEMORY/PERIPHERALS 


FIGURE 7. 80C286 DMA APPLICATION 


Specifications 82C37A 


Absolute Maximum Ratings Reliability Information 

Supply VOlitAGeE «csc cwie cass ew nana wenae tee Sed ewas +8.0 Volts Thermal Resistance 8ja Bic 
Input, Output or I/O Voltage Applied ....GND ~-0.5V to VCC +0.5V Ceramic DIP Package.............. 28°C/W 6°C/W 
Storage Temperature Range ...............05 -659C to +150°C LOC Package ....... 00. cc cece ence 66°C/W 12°C /W 
Junction Temperature ......... 0... ccc cece ee eeecees +175°C Maximum Package Power Dissipation................0005 1 Watt 
Lead Temperature (Soldering, Ten Seconds) ............ +300°C Gate Count ........... ccc ccc ccc cece ccc cceceaees 2325 Gates 


CAUTION: Stresses above those listed in the Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range .............. cece eens +4.5V to+5.5V Operating Temperature Ranges 
CB2CSTA: s.cvrsacadsauwee tea ai aatenisies 0°C to +70°C 
1B2CST Ae engi ewe re eee ee ae ee wees ~409C to +85°9C 
MS2CSTA iaiei ed Wie incee Bed es aa Veene’s -559C to +125°9C 


D.C. Electrical Specifications VCC = +5.0V +10%, Ta = 0°C to +70°C (C82C37A) 
Ta = -40°C to +85°C (182C37A) 
Ta = -55°C to +125°9C (M82C37A) 


SYMBOL PARAMETER | omin | MAX | UNITS TEST CONDITIONS 
Logical One Input Voltage C82C37A, I82C37A 
: pee rai atrinan ata ia 


Output HIGH Voltage V Fie secant =-2.5mA 
ee i 4 Vv IOH = -100ynA 
Output LOW Voltage V IOL = +2.5mA all output except EOP, 
IOL = +3.2 for EOP pin 36 only. 
| | Input Leakage Current VIN = GND or VCG, Pins 6, 7, 11, 12, 13, 16-19 
Output Leakage Current ~10.0 +10.0 pA VOUT = GND or VCC, Pins 1-4, 21-23, 
26-30, 32-40. 
ICCSB Standby Power Supply pA VCC = 5.5V, VIN = VCC or GND, 
Current Outputs Open 
ICCOP Operating Power Supply mA/MHz VCC = 5.5V, CLK FREQ = Maximum, 
Current VIN = VCC or GND, Outputs Open 
Capacitance Ta, = +25°C 


Sg 
[cout | ouosicaractarce [a0 | or 
[ove | vocseactance [a0 |r 


FREQ = 1MHz, All measurements are 
referenced to device GND 
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Specifications 82C37A 


lectricai Specifications VCC = +5.0V +10%, GND = OV, 
Ta = 0°C to +70°C (C82C37A), 
Ta = -40°C to +85°C (I82C37A), 
Ta = -55°C to +125°C (M82C37A) 


82C37A-5 82C237A 82C37A-12 


a 


> 


SYMBOL 
DMA (Master) Mode 


PARAMETER 


— 
© 
a 
_ 
ioe) 
4 
© 
r~ 
© 
+ 
1?) 
rT 
@ 


(1) TAEL AEN HIGH from CLK LOW (S1) Delay 75 


Time 


AEN LOW from CLK HIGH (Sl) Delay 
Time 


(2)TAET 


~— 
>] 


ADR Active to Float Delay fromCLK | 
HIGH 


READ or WRITE Float Delay from 
CLK HIGH 


(3)TAFAB 


(4) TAFC 


EE 
oi 


DB Active to Float Delay from CLK 
HIGH 


(5)TAFDB 170 135 


ADR from READ HIGH Hold Time 
DB from ADSTB LOW Hold Time 


ADR from WRITE HIGH Hold Time f TCY-65 


(6)TAHR 
(7)TAHS 
(8)TAHW 
(9)TAK 


wy 
a 


DACK Valid from CLK LOW 
Delay Time 


EOP HIGH from CLK HIGH 
Delay Time 


EOP LOW from CLK HIGH 
Delay Time 


(10)TASM 
(11)TASS 
(12)TCH 
(13) TCL Clock LOW Time (Transitions 10ns) | 
(14)TCY CLK Cycle Time 


(15) TDCL CLK HIGH to READ or WRITE LOW 
Delay 


READ HIGH from CLK HIGH (S4) 
Delay Time 


WRITE HIGH from CLK HIGH (S4) . 
Delay Time 


(18)TDQ HRQ Valid from CLK HIGH 
| Delay Time 


(19)TEPH EOP Hold Time from CLK LOW (S2) 
(20)TEPS EOP LOW to CLK LOW Setup Time 
(21)TEPW EOP Pulse Width 


ADR Stable from CLK HIGH 


_— 
-_ 
© 


DB to ADSTB LOW Setup Time fF TCH-20 


Clock HIGH Time (Transitions 10ns) | 70 


) 
© 
A 
& < 
NO 
; © 


125 


120 


oi 
nn 
Ww 
>) 


| 
‘@) 
or | t S = ee ee 
NO 
(>) 
ie) 
nn 


(16)TDCTR 


=_ 
_ 
oO 
© 
© 


(17)TDCTW 130 


~ 
© 


120 


on 
© 


40 
220 


om 
.¢%) 
oi 


N 


(22)TFAAB ADR Valid Delay from CLK HIGH 


(23)TFAC | READ or WRITE Active from 
CLK HIGH 


DB Valid Delay from CLK HIGH ; 


11 
150 


© 
Sa) 
Oo 


- 
~s 
=) 


(24)TFADB 
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A.C. Electrical Specifications VCC = +5.0V +10%, GND = OV, (Continued) 
Ta = O°C to +70°C (C82C37A), 
Ta = -40°C to +85°C (I182C37A), 
Ta = -55°C to +125°C (M82C37A) 


82C37A-5 82C237A 82C37A-12 


SYMBOL PARAMETER 


DMA (Master) Mode (Continued) 


—_ 


(25)THS HLDA Valid to CLK HIGH Setup Time | 75 


Input Data from MEMR HIGH 
Hold Time 


0 
(26)TIDH 


N 
(S45) 


(27)TIDS Input Data to MEMR HIGH 


Setup Time 


(28)TODH Output Data from MEMW HIGH TCY-50 


Hold Time 


(29)TODV Output Data Valid to MEMW HIGH TCY-10 


(30)TQS DREQ to CLK LOW (SI, S4) 
| Setup Time 


TCY-35 TCY-35 


(31)TRH CLK to READY LOW Hold Time 3 


Nh 
=) 
nh 
oO 


(32)TRS 
(33)TCLSH 


READY to CLK LOW Setup Time 


_ 
on 


ADSTB HIGH from CLK LOW 
Delay Time 


ADSTB LOW from CLK LOW 
Delay Time 


~ 
Oo 
~ 
=) 


(34)TCLSL 120 120 


(35)TWRRD | READ HIGH Delay from WRITE HIGH | 
(36)TRLRH | 2TCY-60 
(37)TSHSL__| ADSTB Pulse Width | TCy-80 


READ Pulse Width, Normal Timing 2TCY-60 
| TCY-50 
5 2TCY-85 
| TCY-85 
; TCY-60 


7 


2TCY-55 
TCY-35 


w 


EE 
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(38)TWLWHA | Extended WRITE Pulse Width | 2TCY-100 2TCY-80 
(39)TWLWH | WRITE Pulse Width | TCY-100 
(40)TRLRHC_ | READ Pulse Width, Compressed | TCY-60 
ADR Valid to READ LOW } 
ADR Valid to WRITE LOW 
(58)TRHAL | READ HIGH to AEN LOW 
(59)TRHSH | READ HIGH to ADSTB HIGH 
(60)TWHSH__| WRITE HIGH to ADSTB HIGH 


DACK Valid to READ LOW 


TCY-80 
| TCY-55 


— 
“ 


_ 
| 


_ 
G 


(56) TAVRL 
(57) TAVWL 


s+ 
on 
= 
a) 


3 


i 
ie) 


vw 


—_h _y 4 


—_ 
on 


(61)TDVRL 


nN 
nn 


2 


on 


25 


(62)TDVWL_ {| DACK Valid to WRITE LOW 
(63)TRHD! ~—| READ HIGH to DACK Inactive 
(64)TAZRL _‘| ADR Float to READ LOW 


NO 
NO 


_ oh 


Peripherai (Slave) Mode 

(41)TAR ADR Valid or TS LOW to READ LOW | 
(42)TAWL __| ADR Valid to WRITE LOW Setup Time | 
(43)TCWL CS LOW to WRITE LOW Setup Time 


(44)TOW Data Valid to WRITE HIGH Setup Time] 150 
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Specifications 82C37A 


A.C. Electrical Specifications VCC = +5.0V +10%, GND = 0V, (Continued) 


Ty = 0°C to +70°C (C82C37A), 


Ts = -40°C to +85°C (182C37A), 
Ts = -55°C to +125°C (M82C37A) 


82C37A-5 82C237A 82C37A-12 
PARAMETER 


Can 
“or ae aes ee 
WorRoe oe ie ee 
(anor Ts fs fs 

Ea 


(48)TRSTD Power Supply HIGH to RESET LOW 
Setup Time 


(50)TRSTW 
(51) TRW 


ADR from WRITE HIGH Hold Time 


CS HIGH from WRITE HIGH 
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Waveforms 


SLAVE MODE WRITE TIMING 


cS 
43 TCWL 
(43) BS TWC (53) 
on TWWS 
42 
ae TWA (52) 


TWD (54) 


DBO - DB7 


FIGURE 8. SLAVE MODE TIMING 


NOTE Successive WRITE accesses to the 82C37A must allow at least TCY as recovery time between accesses. A TCY recovery time must be allowed before 
executing a WRITE access after a READ access 


SLAVE MODE READ TIMING 


ADDRESS MUST BE VALID 
TAR TRA 


(41) (51) (45) 


PERIPHERALS 


(47) 
(46) TRDF 


DBO - DB7 DATA OUT VALID S 


FIGURE 9. SLAVE MODE READ 


NOTE Successive READ accesses to the 82C37A must allow at least TCY as recovery time between accesses ATCY recovery time must be allowed before 
executing a WRITE access after a READ access. 
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Waveforms 


DMA TRANSFER TIMING 


CLK 


Toh 
i . - 
QQ AARAAYS 
TDQ 
HRQ 
(25) r 
THS 
HDA eG | | NNANANANAAN 
TAEL (2) 


AEN re remerell 


ADSTB een, 


‘i Eel Le ni 
TFADB 
DBO ae DB7 eoeneremancmeel, chaise 
A8 -A15 TAFAB (3) 
(22) 
ee TAHW 
(5) ale (8) 


OE eer bikie VALID a 


TAHR (6) 
TRHD! (63) 


§ ( 1 7) TOCTW 
ee (39) TWLWH 


WiTE ————_-__-6 a 
ane 
INT EOP (FOR EXTENDED WRITE) 
= (9) TAK 
TEPW (21) 
oS. NNANAANSSNNN St SSIIIIITITT 


FIGURE 10. DMA TRANSFER 
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MEMORY-TO-MEMORY TRANSFER TIMING 


CLK 


ADSTB 


DBO - DB7 


MEMR 


MEMW 


EOP 


EXT EOP 


Ss 


$11 $12 $13 $14 $21 $22 $23 $24 $11/Si 


(33) 
LSH 


(22) i 
TFAAB 


(11) TASS 


- 
TFADB (24) i 


0 
TC 


475-08} 
TFAC (15)| 


EXTENDED 
WRITE 


(20) TEPS 
TEPH (19) 


(21) 
TEPW 
NQAAAAAAAAAAAAA ASS ASS AS AAAS LLLLLLLLLLL LL ALS 


FIGURE 11. MEMORY-TO-MEMORY TRANSFER 
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S2C37A 


tas. 


VVaveforms 


READY TIMING 


S2 $3 SW SW S4 

CLK 
TDCL (16) 

READ 


TDCL (15) ass TDCTW (17) 
WRITE EXTENDED —~\ 
wAtE  9S----— —= 
(31) TRH oa TRH (31) 
(32) TRS TRS (32) 


READY 


FIGURE 12. READY 


NOTE: READY must not transition during the specified setup and hoid times 


COMPRESSED TRANSFER TIMING 


S2 $4 $2 $4 


CLK 
aes i l 


TDCTR TDCTR 
TDCL (15) (16) as): (16) 
aed TRLRHC 
READ (40) 
(17) 
TDCTW 
WRITE 
TRH (31) TRH (31) 


(32) TRS (32) TRS 
READY } N 7 S 


FIGURE 13. COMPRESSED TRANSFER 
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Waveforms A.C. Test Circuits 
RESET TIMING 
Ge Je ee v1 
CC_/ |. (48) TRSTD 
OUTPUT FROM R1 
DEVICE UNDER TEST POINT 
5 TEST + C1* 
1OR OR IOW TRSTS = 
een eine tateracnsnmemrtstmmmerarmsnremee hy 


*Includes STRAY and FIXTURE Capacitance 


FIGURE 14. RESET 


TEST CONDITION DEFINITION TABLE 


ee ee eee 
All Outputs Except EOP 5200 100pF 


A.C. Testing Input, Output Waveforms 


INPUT OUTPUT 
VIH + 0.4V VOH 
1.5V 1.5V 
VIL - 0.4V VOL 
OUTPUT OUTPUT 
Z-LORH LOR H-Z 
VOH VOH 
2.0V VO - 0.45 
0.8V SOUP aaa 
VOL - VOL 


A.C. Testing: All AC. Parameters tested as per test circuits. Input RISE and FALL times are driven at Ins/V. 
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se a 82C54 


CMOS Programmable Interval Timer 


February 1992 


Features Description 
¢ 10MHz or 8MHz Clock Input Frequency The Harris 82C54 is a high performance CMOS Programma- 
¢ Compatible with NMOS 8254 ble Interval Timer manufactured using an advan, sed 2 micron 
- Enhanced Version of NMOS 8253 CMOS process. 
¢ Three Independent 16 Bit Counters The 82C54 has three independently programmable and 
° Six Programmable Counter Modes functional 16-bit counters, each capable of handling clock 
input frequencies of up to 8MHz (82C54) or 10MHz 


e Status Read Back Command 
¢ Binary or BCD Counting 
Fully TTL Compatible 


(82C54-10). 


The high speed and industry standard configuration of the 
82C54 make it compatible with the Harris 80C86, 80C88, 


* Single 5V Power Supply and 80C286 CMOS microprocessors along with many other 
e Low Power industry standard processors. Six programmable timer 
SIGCSE iy Gd nshin wh esS iced eens 10nA modes allow the 82C54 to be used as an event counter, 
~ ICCOP .. ccc cccccccccccccucuce 10mA at 8MHz_ @apsed time indicator, programmable one-shot, and many 
: other applications. Static CMOS circuit design insures low 
¢ Operating Temperature Ranges 
power operation. 
i (CB2C54 2 occa cceida eal dee se Sort sin 0°C to +70°C 
- 182054 -40°C to+85°C = he Harris advanced CMOS process results in a significant 
eRe te ee © Poem tro. s reduction in power with performance equal to or greater than 
© MS2654 o.oo cawe Sed aw tes ua eokas -55°C to +125°C existing equivalent products. 
Ordering Information 


[PACKAGE | TEWPERATURERANGE | wne | 10WHe 
eel creer een Co eee 
ma re ee eee 
CDa2C54-10 

[0c +8550 [wowace __—‘| roaose10 
SMD # 8406501JA -55°C to +125°C 


Pinouts 24 LEAD DIP 28 LEAD PLCC AND LCC 
TOP VIEW TOP VIEW 


Ceramic DIP 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2970 
Copyright © Harris Corporation 1992 4-198 
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Functional Diagram 


CLKO 


COUNTER GATE 0 
= ; INTERNAL BUS 


OUT O 


BUFFER 


CLK 1 


COUNTER 
1 GATE 1 
OUT 
CLK2 
c= COUNTER 
2 


INTERNAL BUS 


CONTROL 
WORD 


GATE 2 


OUT 2 
CLK hn OUTo 


COUNTER INTERNAL BLOCK DIAGRAM 


DEFINITION 


DATA: Bi-directional three state data bus lines, connected to system data bus. 


REGISTER 


Pin Description 


DIP PIN 
SYMBOL | NUMBER | TYPE 


Take [3 
eno [2 
16 
am 
18 


CLOCK 0: Clock input of Counter O. 


OUT O: Output of Counter O. 


GATE 0: Gate input of Counter 0. 


GROUND: Power supply connection. 


OUT 1: Output of Counter 1. 


GATE 1: Gate input of Counter 1. 


CLOCK 1: Clock input of Counter 1. 


Denes [ie 
Pours [a 
Tauke [8 


AO, A1 19-20 
CHIP SELECT: A low on this input enables the 82C54 to respond to RD and 


cs 21 
aye Te WR signals. RD and WR are ignored otherwise. 


cee ee ee ee ee READ: This input is low during CPU read operations. 
ce ee ee WRITE: This input is low during CPU write operations. 


VCC VCC: The +5V power supply Pin. AO.1pF capacitor between pins VCC and GND is 
recommended for decoupling. 
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GATE 2: Gate input of Counter 2. 
OUT2: Output of Counter 2. 


CLOCK 2: Clock input of Counter 2. 


— 
ne) 


ADDRESS: Select inputs for one of the three counters or Control Word Register 
for read/write operations. Normally connected to the system address bus. 


Counter O 
Counter 1 
Counter 2 
Control Word Register 


“” 
ond 
4 
wo 
oi 
6a 
ct 
Lid 
a. 


82C54 


General 


The 82C54 is a programmable interval timer/counter 
designed for use with microcomputer systems. it is a gener- 
al purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 


The 82C54 solves one of the most common problems in 
any microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in software, the programmer configures the 82C54 to 
match his requirements and programs one of the counters 
for the desired delay. After the desired delay, the 82C54 will 
interrupt the CPU. Software overhead is minimal and varia- 
ble length delays can easily be accommodated. 


Some of the other computer/timer functions common to 
microcomputers which can be implemented with the 82C54 
are: @ Real time clock 

¢ Event counter 

e Digital one-shot 

e Programmable rate generator 

e Square wave generator 

e Binary rate multiplier 
e Complex waveform generator 
© Complex motor controller 


Data Bus Buffer 


This three-state, bi-directional, 8-bit buffer is used to 
interface the 82C54 to the system bus (see Figure 1). 


CLK O 
GATE 0 


ve ON BEY Kom 


OUTDO 


——— n 
‘RD 0 = CLK 1 
Wh OF kage Z 

WHITE a ae eures GATE 1 
Ao £oGte fe 


OUT 1 


CLK2 


CONTROL 
woRD 


GATE 2 


(1 Nore 


FIGURE 1. DATA BUS BUFFER AND READ/WRITE LOGIC 
FUNCTIONS 


REGISTER 
em OUT 2 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and generates control signals for the other functional blocks 
of the 82C54. A1 and AO select one of the three counters or 
the Control Word Register to be read from/written into. A 
“low” on the RD input tells the 82C54 that the CPU is read- 
ing one of the counters. A “low” on the WR input tells the 
82C54 that the CPU is writing either a Control Word or an 
initial count. Both RD and WR are qualified by CS; RD and 
‘WR are ignored unless the 82C54 has been selected by 
holding CS tow. 


Control Word Register 


The Control Word Register (Figure 2) is selected by the 
Read/Write Logic when A1, AO = 11. If the CPU then does a 
write operation to the 82C54, the data is stored in the Con- 
trol Word Register and is interpreted as a Control Word 
used to define the Counter operation. 


The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 


Counter 0, Counter 1, Counter 2 


These three functional blocks are identical in operation, so 
only a single Counter will be described. The internal block 
diagram of a single counter is shown in Figure 3. The 
counters are fully independent. Each Counter may operate 
in a different Mode. 


DATA 


07-Do qm BUS —) SOUNTER GATE 0 
BUFFER § 
ouUTO 
RD $ 
his ¥ CS CLK1 
” 0 z COHNTER 
Fa Gea, | GATE 1 
Ao ~ 
At = OUT! 
cs 
CLK 2 
worn K = ATER GATE? 
HEBISTER 2 
: ouT2 


FIGURE 2. CONTROL WORD REGISTER AND COUNTER 
FUNCTIONS 


| 
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The Control Word Register is shown in the figure; it is not 
part of the Counter itself, but its contents determine how the 
Counter operates. 


The status register, shown in the figure, when latched, 
contains the current contents of the Control Word Register 
and status of the output and null count flag. (See detailed 
explanation of the Read-Back command.) 


The actual counter is labeled CE (for Counting Element). It is 
a 16 bit presettable synchronous down counter. 


OLM and OLL are two 8-bit latches. OL stands for “Output 
Latch”; the subscripts M and L for “Most significant byte” 
and “Least significant byte”, respectively. Both are normally 
referred to as one unit and called just OL. These latches 
normally “follow” the CE, but if a suitable Counter Latch 
Command is sent to the 82C54, the latches “latch” the pre- 
sent count until read by the CPU and then return to 
“following” the CE. One latch at a time is enabled by the 
counter’s Control Logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit internal 
bus. Note that the CE itself cannot be read; whenever you 
read the count, it is the OL that is being read. 


Similarly, there are two 8-bit registers called CRM and CRL 
(for “Count Register’). Both are normally referred to as one 
unit and called just CR. When a new count is written to the 
Counter, the count is stored in the CR and later transferred 
to the CE. The Control Logic allows one register at a time to 
be loaded from the internal bus. Both bytes are transferred 
to the CE simultaneously. CRM and CRL are cleared when 
the Counter is programmed for one byte counts (either most 
significant byte only or least significant byte only) the other 
byte will be zero. Note that the CE cannot be written into; 
whenever a count is written, it is written into the CR. 


INTERNAL BUS 


CONTROL STATUS 
WORD LATCH 
REGISTER 
I STATUS 
REGISTER 


CONTROL Seed eo 


LOGIC coh 


cLKn OUT An 


FIGURE 3. COUNTER INTERNAL BLOCK DIAGRAM 


The Control Logic is also shown in the diagram. CLK n, 
GATE n, and OUT n are all connected to the outside world 
through the Control Logic. 


82C54 System Interface 


The 82C54 is treated by the system software as an array of 
peripheral I/O ports; three are counters and the fourth is a 
control register for MODE programming. 


Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method 
or it can be connected to the output of a decoder, such as a 
Harris HD-6440 for larger systems. 


Operational Description 
General 
After power-up, the state of the 82C54 is undefined. 


The Mode, count value, and output of all Counters are 
undefined. 


How each Counter operates is determined when it is 
programmed. Each Counter must be programmed before it 
can be used. Unused counters need not be programmed. 


Programming The 82C54 


Counters are programmed by writing a Control Word and 
then an initial count. 


All Control Words are written into the Control Word Regi- 
ster, which is selected when A1, AO = 11. The Control Word 
specifies which Counter is being programmed. 


By contrast, initial counts are written into the Counters, not 
the Control Word Register. The A1, AO inputs are used to 
select the Counter to be written into. The format of the initial 
count is determined by the Control Word used. 


ADDRESS BUS (16) 


54 
COUNTER COUNTER co ugTeR 
0 1 


OUT GATE CLK QUT GATE CLK QUT GATE CLK 


FIGURE 4. 82C54 SYSTEM INTERFACE 
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Write Operations 
The programming procedure for the 82C54 is very flexible. 
Only two conventions need to be remembered: 


1. For each Counter, the Control Word must be written be- 
fore the initial count is written. 


2. The initial count must follow the count format specified in 
the Control Word (least significant byte only, most signifi- 
cant byte only, or least significant byte and then most 
significant byte). 


Since the Control Word Register and the three Counters 
have separate addresses (selected by the A1, AO inputs), 
and each Control Word specifies the Counter it applies to 
(SCO, SC1 bits), no special instruction sequence is 
required. Any programming sequence that follows the 
conventions above is acceptable. 


Control Word Format 
A1, AO = 11; CS = 0;RD = 1: WR=0 


for [es [os [ oa | os | oe | or | 00 
Psor [sco [rw | awo| me | wi | mo | 60D 
SC - Select Counter: 
fsci[scol 
To [ 0 | SeectGounterOSSSCS~S~S 
To [a | seectcouners SSCSC~* 
Ta [re seectountere 
[a [1 | Reaa-Back Command Gee eed Operations) 
RW - Read/Write: 
ee ee 
A Latch Command (See Read Operations) 
[0 [1 | Resaniiteteastsignifcantbyteony. 
P| 0 Readniitemostsignifcantiyony | 


Read/Write least significant byte first, 
then most significant byte. 


BCD - Binary Coded Decimal: 
Binary Counter 16-bits 


Binary Coded Decimal (BCD) Counter (4 Decades) 


NOTE: Don't Care bits (X) should be 0 to insure compatibility with future 
products. 
FIGURE 5. CONTROL WORD FORMAT 


| LSB of Count ~ Counter 0 


Control Word - Counter 2 
LSB of Count - Counter 2 ae ee 
MSB of Count - Counter 2 a a 


Control Word - Counter 1 


Control Word - Counter 2 
LSB of Count - Counter 2 
LSB of Count - Counter 1 
LSB of Count - Counter 0 
MSB of Count - Counter 0 
MSB of Count - Counter 1 
MSB of Count - Counter 2 


Control Word - Counter 2 
Control Word ~ Counter 1 
Control Word - Counter 0 
LSB of Count - Counter 2 
MSB of Count - Counter 2 
LSB of Count - Counter 1 
MSB of Count - Counter 1 
LSB of Count - Counter 0 
MSB of Count - Counter O 


Control Word - Counter 1 
Control Word - Counter 0 
LSB of Count - Counter 1 
Control Word - Counter 2 
LSB of Count - Counter 0 
MSB of Count - Counter 1 

| LSB of Count - Counter 2 
MSB of Count - Counter 0 
MSB of Count - Counter 2 _ 


Zz 
+ 
mM 


n all four examples, all counters are programmed to Read/Write 
two-byte counts. These are only four of many programming 
sequences. 

FIGURE 6. A FEW POSSIBLE PROGRAMMING SEQUENCES 
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A new initial count may be written to a Counter at any time 
without affecting the Counter’s programmed Mode in any 
way. Counting will be affected as described in the Mode 
definitions. The new count must follow the programmed 
count format. 


If a Counter is programmed to read/write two-byte counts, 
the following precaution applies: A program must not trans- 
fer control between writing the first and second byte to 
another routine which also writes into that same Counter. 
Otherwise, the Counter will be loaded with an incorrect 
count. 


Read Operations 


It is often desirable to read the value of a Counter without 
disturbing the count in progress. This is easily done in the 
82C54. 


There are three possible methods for reading the Counters. 
The first is through the Read-Back command, which is 
explained later. The second is a simple read operation of the 
Counter, which is selected with the A1, AO inputs. The only 
requirement is that the CLK input of the selected Counter 
must be inhibited by using either the GATE input or external 
logic. Otherwise, the count may be in process of changing 
when it is read, giving an undefined result. 


Counter Latch Command 


The other method for reading the Counters involves a 
special software command called the ‘Counter Latch 
Command”. Like a Control Word, this command is written to 
the Control Word Register, which is selected when A1, AO = 
11. Also, like a Control Word, the SCO, SC1 bits select one 
of the three Counters, but two other bits, D5 and D4, distin- 
guish this command from a Control Word. 


A1, AO = 11; CS = 0; RD = 1:WR=0 


SC1, SCO - specify counter to be latched 


Soe! St eee ee 
[4 [Ree Back Command 


D5, D4 - 00 designates Counter Latch Command 

X - Don’t Care 

NOTE: Don't Care bits (X) should be O to insure compatibility with future 
products. 


FIGURE 7. COUNTER LATCH COMMAND FORMAT 


The selected Counter’s output latch (OL) latches the count 
when the Counter Latch Command is received. This count 
is held in the latch until it is read by the CPU (or until the 


Counter is reprogrammed). The count is then unlatched 
automatically and the OL returns to “following” the counting 
element (CE). This allows reading the contents of the Coun- 
ters “on the fly’ without affecting counting in progress. 
Multiple Counter Latch Commands may be used to latch 
more than one Counter. Each latched Counter’s OL holds 
its count until read. Counter Latch Commands do not affect 
the programmed Mode of the Counter in any way. 


lf a Counter is latched and then, some time later, latched 
again before the count is read, the second Counter Latch 
Command is ignored. The count read will be the count at the 
time the first Counter Latch Command was issued. 


With either method, the count must be read according to the 
programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be read. 
The two bytes do not have to be read one right after the 
other; read or write or programming operations of other 
Counters may be inserted between them. 


Another feature of the 82C54 is that reads and writes of the 
same Counter may be interleaved; for example, if the Coun- 
ter is programmed for two byte counts, the following 
sequence is valid. 1. Read least significant byte. 

2. Write new least significant byte. 

3. Read most significant byte. 

4. Write new most significant byte. 


if a Counter is programmed to read or write two-byte 
counts, the following precaution applies: A program MUST 
NOT transfer control between reading the first and second 
byte to another routine which also reads from that same 
Counter. Otherwise, an incorrect count will be read. 


Read-Back Command 


The read-back command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected counter(s). 


The command is written into the Control Word Register and 
has the format shown in Figure 8. The command applies to 
the counters selected by setting their corresponding bits 
D3, D2, D1 = 1. 


AO, A1 = 11; CS = 0; RD = 1;WR=0 


for |os | os | os | os | v2 | or | vo 
ae ee COUNT | STATUS | CNT 2 CNTO Poe) 


O = Latch count of selected Counter(s) 
= O = Latch status of selected Counter(s) 
D3: 1= Select Counter 2 
D2: 1= Select Counter 1 
D1: 1=Select Counter 0 
DO: Reserved for future expansion; Must be O 


FIGURE 8 READ-BACK COMMAND FORMAT 
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the read-back command may be used to latch multiple 
counter output latches (OL) by setting the COUNT bit 
DS = 0 and selecting the desired counter(s). This single 
command is functionally equivalent to several counter latch 
commands, one for each counter latched. Each counter’s 
latched count is held until it is read (or the counter is 
reprogrammed). That counter is automatically unlatched 
when read, but other counters remain latched until they are 
read. If multiple count read-back commands are issued to 
the same counter without reading the count, all but the first 
are ignored; i.e., the count which will be read is the count at 
the time the first read-back command was issued. 


The read-back command may also be used to latch status 
information of selected counter(s) by setting STATUS bit D4 
= 0. Status must be latched to be read; status of a counter is 
accessed by a read from that counter. 


The counter status format is shown in Figure 9. Bits D5 
through DO contain the counter’s programmed Mode exact- 
ly as written in the last Mode Control Word. OUTPUT bit D7 
contains the current state of the OUT pin. This allows the 
user to monitor the counter’s output via software, possibly 
eliminating some hardware from a system. 


per | es | os | oa | bs | ba | ot | bo | 
OUTPUT NULL RW1 | RWO M1 BCD 
COUNT 


D71= Outpinis1 
O= OutpinisO 
D6 1 = Null count 
O= Count available for reading 
D5-D0 = Counter programmed mode (See Figure 5) 


FIGURE 9. STATUS BYTE 


NULL COUNT bit D6 indicates when the last count written 
to the counter register (CR) has been loaded into the count- 
ing element (CE). The exact time this happens depends on 
the Mode of the counter and is described in the Mode 


Definitions, but until the counter is loaded into the counting 
element (CE), it can’t be read from the counter. If the count 
is latched or read before this time, the count value will not 
reflect the new count just written. The operation of Null 
Count is shown in Figure 10. 


THIS ACTION: CAUSES: 

A. Write to the control word register: (1) ......... Null Count = 1 
B. Write to the count register (CR): (2)........... Null Count = 1 
C. New countis loaded into CE (CR-CE)....... Null Count =0 


(1) Only the counter specified by the control word will have its null 
count set to 1. Null count bits of other counters are unaffected. 


. 

(2) If the counter is programmed for two-byte counts (least signifi- 
cant byte then most significant byte) null count goes to 1 when 
the second byte is written. 


FIGURE 10. NULL COUNT OPERATION 


If multiple status latch operations of the counter(s) are 
performed without reading the status, all but the first are 
ignored; i.e., the status that will be read is the status of the 
counter at the time the first status read-back command was 
issued. 


Both count and status of the selected counter(s) may be 
latched simultaneously by setting both COUNT and 
STATUS bits D5, D4 = O. This is functionally the same as 
issuing two separate read-back commands at once, and 
the above discussions apply here also. Specifically, if multi- 
ple count and/or status read-back commands are issued to 
the same counter(s) without any intervening reads, all but 
the first are ignored. This is illustrated in Figure 11. If both 
count and status of a counter are latched, the first read 
operation of that counter will return latched status, regard- 
less of which was latched first. The next one or two reads 
(depending on whether the counter is programmed for one 
or two type counts) return latched count. Subsequent reads 
return unlatched count. 


ror [oe Toe [oe [oo [or [oe] seen en 


Read Back Count and Status 
of Counter O 


Read-Back Status of Counter 1 Status Latched for Counter 1 
Read-Back Status of Status Latched for Counter 2, 
Counters 2, 1 But Not Counter 1 

Read-Back Count of Counter 2 [ CountLatched for Counter 2 


Read-Back Count and Status of | Count Latched for Counter 1 
Counter 1 But Not Status 
Read-Back Status of Counter 1 Command Ignored, Status 
Already Latched for Counter 1 


Count and Status Latched for 
Counter O 


FIGURE 11. READ-BACK COMMAND EXAMPLE 
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re [ to [> [> [wamemme 
rete Po Po [| wren Comer 
pepe Lo wore 
oe 
POLST ee retoncomes 
PP e Te reson 
Pape LAL of eter comer 
po fo} 1 fa jt | No-Operation (Three-State) 
pa] x |x |x |x No-Operation (Three-State) 
pO Fa pat x | x | No-Operation (Three-State) 


FIGURE 12. READ/WRITE OPERATIONS SUMMARY 


Mode Definitions 


The following are defined for use in describing the operation 
of the 82C54. 


CLK PULSE: 


A rising edge, then a falling edge, in that order, of a Coun- 
ter’s CLK input. 


TRIGGER: 
A rising edge of a Counter’s Gate input. 


COUNTER LOADING: 


The transfer of a count from the CR to the CE 
(See “Functional Description”) 


Mode 0: Interrupt on Terminal Count 


Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will remain 
low until the Counter reaches zero. OUT then goes high and 
remains high until a new count or a new Mode O Control 
Word is written to the Counter. 


GATE = 1 enables counting; GATE = O disables counting. 
GATE has no effect on OUT. 


After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next CLK 
pulse. This CLK pulse does not decrement the count, so for 
an initial count of N, OUT does not go high until N + 1 CLK 
pulses after the initial count is written. 


if a new count is written to the Counter it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


(1) Writing the first byte disables counting. Out is set low 
immediately (no clock pulse required). 


(2) Writing the second byte allows the new count to be 
loaded on next CLK pulse. 


This allows the counting sequence to be synchronized by 
software. Again OUT does not go high until N + 1 CLK 
pulses after the new count of N is written. 


If an initial count is written while GATE = O, it will still be 
loaded on the next CLK pulse. When GATE goes high, OUT 
will go high N CLK pulses later; no CLK pulse is needed to 
load the counter as this has already been done. 


Mode 1: Hardware Retriggerable One-Shot 


OUT will be initially high. OUT will go low on the CLK pulse 
following a trigger to begin the one-shot pulse, and will 
remain low until the Counter reaches zero. OUT will then 
go high and remain high until the CLK pulse after the next 
trigger. 


After writing the Control Word and initial count, the Counter 
is armed. A trigger results in loading the Counter and setting 
OUT low on the next CLK pulse, thus starting the one-shot 
pulse N CLK cycles in duration. The one-shot is 
retriggerable, hence OUT will remain low for N CLK pulses 
after any trigger. The one-shot pulse can be repeated with- 
out rewriting the same count into the counter. GATE has no 
effect on OUT. 


If a new count is written to the Counter during a one-shot 
pulse, the current one-shot is not affected unless the Coun- 
ter is retriggered. In that case, the Counter is loaded with the 
new count and the one-shot pulse continues until the new 
count expires. 


Mode 2: Rate Generator 


This Mode functions like a divide-by-N counter. It is typical- 
ly used to generate a Real Time Clock interrupt. OUT will 
initially be high. When the initial count has decremented to 
1, OUT goes low for one CLK pulse. OUT then goes high 
again, the Counter reloads the initial count and the process 
is repeated. Mode 2 is periodic; the same sequence is 
repeated indefinitely. For an initial count of N, the sequence 
repeats every N CLK cycles. 


GATE = 1 enables counting; GATE = O disables counting. If 
GATE goes low during an output pulse, OUT is set high 
immediately. A trigger reloads the Counter with the initial 
count on the next CLK pulse; OUT goes low N CLK pulses 
after the trigger. Thus the GATE input can be used to 
synchronize the Counter. 


After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. OUT goes low N CLK 
pulses after the initial count is written. This allows the Coun- 
ter to be synchronized by software also. 


Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after writ- 
ing anew count but before the end of the current period, the 
Counter will be loaded with the new count on the next CLK 
pulse and counting will continue from the new count. Other- 
wise, the new count will be loaded at the end of the current 
counting cycle. 
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CW=10 LSB=4 CW=12 LSB=3 
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CW=12 LSB=3 
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NOTE: The following conventions apply to all mode timing diagrams. | N | N | N | N | N | | ° | | Ee | a ‘ | ° | 
1. Counters are programmed for binary (not BCD) counting and for 


reading/writing least significant byte (LSB) only. 


2. The counter is always selected (CS always low). 


3. CW stands for “Control Word”; CW = 10 means a control word of FIGURE 14. MODE 1 
10, Hex ts written to the counter. 


4. LSB stands for Least significant “byte” of count. 


5. Numbers below diagrams are count values. The lower number is 
the least significant byte The upper number is the most significant 
byte. Since the counter is programmed to read/write LSB only, the 
most significant byte cannot be read. 


6. N stands for an undefined count. 


7. Vertical lines show transitions between count values. 


FIGURE 13. MODE 0 
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Mode 3: Square Wave Mode 


Mode 3 is typically used for Baud rate generation. Mode 3 is 
similar to Mode 2 except for the duty cycle of OUT. OUT will 
initially be high. When half the initial count has expired, OUT 
goes low for the remainder of the count. Mode 3 is periodic; 
the sequence above is repeated indefinitely. An initial count 
of N results in a square wave with a period of N CLK cycles. 


GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low while OUT is low, OUT is set high 
immediately; no CLK pulse is required. A trigger reloads the 
Counter with the initial count on the next CLK pulse. Thus 
the GATE input can be used to synchronize the Counter. 


After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. This allows the Coun- 
ter to be synchronized by software also. 


CW=14 LSB=3 


CW=14 LSB=3 


CW=14 


LSB=4 


FIGURE 15. MODE 2 


Writing a new count while counting does not affect the cur- 
rent counting sequence. If a trigger is received after writing 
a new count but before the end of the current half-cycle of 
the square wave, the Counter will be loaded with the new 
count on the next CLK pulse and counting will continue 
from the new count. Otherwise, the new count will be 
loaded at the end of the current half-cycle. 


Mode 3 is Implemented as Follows: 


EVEN COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented by two 
on succeeding CLK pulses. When the count expires, OUT 
changes value and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. 


CW= 16 


LSB=4 


CW=16 LSB=5 
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CW=16 LSB=4 


FIGURE 16. MODE 3 
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ODD COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse, decremented by one on the next 
CLK pulse, and then decremented by two on succeeding 
CLK pulses. When the count expires, OUT goes low and the 
Counter is reloaded with the initial count. The count is dec- 
remented by three on the next CLK pulse, and then by two 
on succeeding CLK pulses. When the count expires, OUT 
goes high again and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. So for 
odd counts, OUT will be high for (N + 1)/2 counts and low 
for (N - 1)/2 counts. 


Mode 4: Software Triggered Mode 


OUT will be initially high. When the initial count expires, 
OUT will go low for one CLK pulse then go high again. 
The counting sequence is “Triggered” by writing the initial 
count. 


GATE = 1 enables counting; GATE = O disables counting. 
GATE has no effect on OUT. 


CW=18 LSB=3 


o {| o{ o | o | FF | FF | FF 
Pome wwe ie a Ee ee (ee 


CW=18 LSB8=3 


CW=18 LSB =3 


FIGURE 17. MODE 4 
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After writing a Control Word and initial count, the Counter 
will be loaded on the next CLK pulse. This CLK pulse does 
not decrement the count, so for an initial count of N, OUT 
does not strobe low until N + 1 CLK pulses after the initial 
count is written. 


If anew count is written during counting, it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


(1) Writing the first byte has no effect on counting. 


(2) Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 


This allows the sequence to be “retriggered” by software. 
OUT strobes low N + 1 CLK pulses after the new count of N 
is written. 


Mode 5: Hardware Triggered Strobe (Retriggerable) 


OUT will initially be high. Counting is triggered by a rising 
edge of GATE. When the initial count has expired, OUT will 
go low for one CLK pulse and then go high again. 


CW=1A LSB=3 


ojo |0 | 0]FFI 0 
Imle tutu tut stslslolels | 


CW=1A LSB=3 
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CW=1A LSB=3 


ae FF ea 
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FIGURE 18. MODE 5 
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After writing the Control Word and initial count, the counter 
will not be loaded until the CLK pulse after a trigger. This 
CLK pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N + 1 CLK pulses 
after trigger. 


A trigger results in the Counter being loaded with the initial 
count on the next CLK pulse. The counting sequence is 
triggerable. OUT will not strobe low for N + 1 CLK pulses 
after any trigger. GATE has no effect on OUT. 


lf anew count is written during counting, the current count- 
ing sequence will not be affected. If a trigger occurs after 
the new count is written but before the current count 
expires, the Counter will be loaded with the new count on 
the next CLK pulse and counting will continue from there. 


Operation Common to All Modes 
Programming 


When a Control Word is written to a Counter, all Control 
Logic is immediately reset and OUT goes to a known initial 
state; no CLK pulses are required for this. 


Gate 


The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2, 3 and 4 the GATE input is level sensi- 
tive, and logic level is sampled on the rising edge of CLK. In 
modes 1, 2, 3 and 5 the GATE input is rising-edge sensitive. 
In these Modes, a rising edge of Gate (trigger) sets an 
edge-sensitive flip-flop in the Counter. This flip-flop is then 
sampled on the next rising edge of CLK. The flip-flop is 
reset immediately after it is sampled. In this way, a trigger 
will be detected no matter when it occurs - a high logic level 
does not have to be maintained until the next rising edge of 
CLK. Note that in Modes 2 and 3, the GATE input is both 
edge-and level-sensitive. 


Counter 


New counts are loaded and Counters are decremented on 
the falling edge of CLK. 


The largest possible initial count is 0; this is equivalent to 
216 for binary counting and 104 for BCD counting. 


The counter does not stop when it reaches zero. In Modes 
0, 1, 4 and 5 the Counter ‘wraps around” to the highest 
count, either FFFF hex for binary counting or 9999 for BCD 


counting, and continues counting. Modes 2 and 3 are 
periodic; the Counter reloads itself with the initial count and 
continues counting from there. 


SIGNAL LOW 
STATUS OR GOING 
MODES LOW HIGH 


Disables Enables 
counting counting 


1) Initiates 
counting 

2) Resets output 

after next clock 


1) Disables 


counting Initiates Enables 
2) Sets output counting counting 
immediately 


high 


1) Disables 

counting 
2) Sets output 
immediately 


3 
high 


1) Disables Enables 
counting counting 
Initiates 
counting 


Enables 
counting 


Initiates 
counting 


FIGURE 19. GATE PIN OPERATIONS SUMMARY 


NOTE: 0O is equivalent to 216 for binary counting and 104 for BCD counting. 


FIGURE 20. MINIMUM AND MAXIMUM INITIAL COUNTS 
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Specifications 82C 54 
| 


Absolute Maximum Ratings Reliability Information 

SUDDIY. VONAGE. i.6406 bce haw cies wow eek eke Cee +8.0V Thermal Resistance ............... Ba Ve 

Input, Output or 1/O Voltage ............ GND-O0.5V to VCC+0.5V Ceramic DIP Package............ 47°C/IW 8°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ........... 49°C/W 5°C/W 

Junction Temperature... 6... cee ee cee ee eee +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)...........--.-.+04- +300°C = Ceramic DIP Package ...........cc cece cence eeenees 1.07W 

ESD Classification: «i... ics scat eh vera ban eee tues es Class 1 Ceramic LCC Package ......... ccc c cece cece eeeeees 1.03W 
Gate Gout: oaooeit cus co ahesek che saw aw aera 2250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................008. +4.5V to+5.5V Operating Temperature Range 
C82C054, C82C54-10.. 2... cece eee ee eee 0°C to +70°C 
182054, I82C54-10 2... cece ec eee eee -40°C to +85°C 
M82C54, M82C 54-10 .... 2... . cee ee eee -55°C to +125°C 


DC Electrical Specifications VCC = +5.0V + 10%, TA=0°C to +70°C (C82C 54, C82C 54-10) 
TA = -40°C to +85°C (182054, 182C54-10) 
TA = -55°C to +125°C (M82C 54, M82C 54-10) 


TESTCONDITIONS | 


IOH = -2.5mA 
IOH = -100nA 
V IOL = +2.5mA 


Input Leakage Current +1 pA VIN = GND or VCC 

DIP Pins 9,11,14-16,18-23 
Output Leakage Current +10 pA VOUT = GND or VCC 

DIP Pins 1-8 


Standby Power Supply VCC = 5.5V, VIN = GND or 
Current VCC, Outputs Open, 
Counters Programmed 


Operating Power Supply VCC = 5.5V, CLKO = 

Current CLK1 = CLK2 = 8MHz, 
VIN = GND or VCC, 
Outputs Open 


Capacitance TA = +25°C; All Measurements Referenced to Device GND, Note 1 


[wee [rancor ve owe | enrcommonm 
fo [rence ere 
oor [owacessuns [eo [ean 
CC 


NOTE: 
1. Not tested, but characterized at initial design and at major process/design changes. 
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AC Electrical Specifications VCC = +5.0V + 10%, TA = 0°C to +70°C (C82C54, C82C54-10) 
TA = -40°C to +85°C (182054, 182C54-10) 
TA = -55°C to +125°C (M82C54, M82C54-10) 


ae 
SYMBOL PARAMETER | MIN | MIN UNITS | TEST CONDITIONS 
READ CYCLE 


(1) TAR | Address Stable Before RD 
TSR 
TRA 


CS Stable Before RD 


~~ 
ie) 
~ 


~'s-~ 
— 


Address Hold Time After RD 


3 
TRR | RD Pulse Width 


—_~ 
= 


(5) | TRD | Data Delay from RD 120 


(6) TAD Data Delay from Address 210 
(7) TDF | RD to Data Floating 2, Note 1 
(8) 
WRITE CYCLE 
(9) Address Stable Before WR 
(10) GS Stable Before WA 
(11) Address Hold Time After WR 


(12) | Tww R Pulse Width 


(13) Data Setup Time Before WA 
(14) Data Hold Time After WA 
(15) Command Recovery Time 200 


CLOCK AND GATE 


RV 


—_ 


NO 
OQ 


[a 
on 


0 65 


A 


Command Recovery Time 


—_ 
PSS 
jo) 


NO 
on 


165 


S| 


a 
Cer | 1 [conratme if -|*|-|*|~= | 
Pen [row [oawanen iP | fa]-[~ | 1 
Pea [rot [ewww st» | f*|-|~] + 
as | 75 [Gavsotmeoox fo | -|«|-|= | + 
ae [7% [cacroatmemeox | «| |} |=] 7 
[eo [re [cosinor fo | fo fs {| 41 
a [te [ca courirsnoms | = |ofs|«|~= {| 


NOTE: 
1. Not tested, but characterized at initial design and at major process/design changes. 
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Timing Waveforms 


WRITE 
> 
(9) iWA (1 
tAW wo) 
cs 
(10) 
ow] 
DATA BUS <i VALID 7: 
eal {WD |(14) 
WR 
(12) 
| ww 
READ 
iRA (3) 
RD 
(5) 
{RD DE 
a (e 
RECOVERY 
(8) (15) 
tRV 
RD, WR 
CLOCK AND GATE 
MODE COUNT* 
mn (17) ———/(18) (16) (23) 
tPWH J~<—e| J<tpwe +——tCLK tGs~ 


CLK 
Car tGH (24) 
GATE 


oS 
ouT Pe ae ee 


(27) tODG(26) *LAST BYTE OF COUNT BEING WRITTEN 


4-212 


Burn-In Circuits 


Ql 
Q2 
VCC 
GND 
F9 
F10 
Fit 
F12 
FO 
A 
Q6 
GND 

GND 

F9 

F10 

Fi1 

F12 

FO 

OPEN 


VCC = 5.5V + 0.5V, 
GND = OV 

VIN = 45V + 10% 

VIL = -0.2V to 0.4V 
R1 = 47kO + 5% 

R2 = 1.0kN + 5% 

R3 = 2.7kN + 5% 

R4 = 1.8kN + 5% 

R5 = 1.2kN + 5% 

C1 =O001pF Minimum 
fO = 100kHz + 10% 
f1 = f0/2, f2 = f1/2,...f12 = f11/2 


R1 
R1 
R1 
R1 
R1 
R14 
R1 
R1 
R2 


R1 


R1 
R1 
R1 
R1 
R1 


R2 


82054 


MD 82C54 CERAMIC DIP 


VCC 
C1 
Ea 24 = a 
2s 23 | V Q3 
1 
EI 22] Vcc 
R41 
4 21 GND 
R41 
5 20] Q5 
R4 
6 | 19] V Q4 
2 
18} F2 vcc 
17 A 
EI 17) = aa 
9 | 16] V as 
2 A 
10 15} F1 
R41 
412 13) A 
MR 82C54 CERAMIC LCC 
VCC C1 
z 
© LJ O 
£©s8s56/188 
R11R1|R1 R1]R1 
OPEN 
Rt GND 
R1 
Q5 
R1 
Q4 
R2 2 
RS vcc/2 
R1 
Qs 


Coot face fa ataal feat tot tae 


1128 1138 114t 15) HE 171 1B 


OPEN 
VCC/2 
Q7 
F1 
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+ 1kA 
Ceramic LCC — 4209C (Max) 


WORST CASE CURRENT DENSITY 
Mask Layout 


A + 2kA 


* 
° 


fo) 


Gold - Silicon Eutectic Alloy (LCC has Gold 


ion 


t 


allization lopology 
Temperature: Ceramic DIP — 460°C (Max) 


183.5 x 215.7 x 19 + 1 mils 
METALLIZATION: 

Type: Silicon - Aluminum 

Thickness: 11k 
GLASSIVATION: 

Type: SiO9 

Thickness: 8kA 
DIE ATTACH: 

Preform) 

0.26 x 109 A/cm2 


DIE DIMENSIONS 
Material: 


Viet 
Metalliza 


— ——— re oo 


var trettes (tebtiiw Vagal Hea fi Feel reeteubviaian rae TENA Brac ihe i ris eliie sit beal'ha 
{sae = | sees 
: U1 RR im rm . : . : “ta: = oT 
es hig ED a -—— ied po vim HL I~ 
Ailihe ae, Asif iat! TE Cay ae thin iar islssaritih cur een feel | ee EE th | 
: ae it: - __ = ° _ gees ie ae P 
i a asses == =. he oA gr eel Re — as SIC ITT = 
as to tse ee oe —_— —_ . oom path ta 


Sea Se ee dE E GIS hn 2 “ei Ar at ai eee Ret TC ee t fiat ae Gt" 
een FO anand RATE HE a . . 
tani a Oe aan eee a 


ta, =e tt a sik Sf ; be i ar alan eee aS) a ti a we : 4. nik 7 roe nie i Sait Ava] 


—— imine Eaten 


ee 7, ati % ne Toned aes Ne AE TEE TALI ise ne Roa Feb 
_~ 77: Mae ee ee ee oe eg ee ee ee 
= ay = eS nel 


te 
— —— _ 


earrinate 9 peep eee Ae haat sates ete PURE cain Bs ie itisis't Felli j 
i a Pe gents 

ioieriwe re oe mm fw. —< : : eee 

ane pe wk, ae t ds I a. 74 Teed aca ae ee aoe Pat. wie i fa Vilavant Tew, te Tres Te tt 


—. . oe ee ee _———~* = 


|heleeaneen eea a SS Saunliillal & 


: ied 
a oom > —_— ee 


ra tf ata Iva’ Sater thi tiv cs rrerahe ae Ee ‘° all aoa rnd Aitaiavitentio’ Teste etewaste Ly Preset Tes a! at ; 


— age 


1 Epa: (1001 msener — : _—_ eed Bn ert eae Res Aon DHT is | Ig 
ee pit 


re -- = 
yc ote 25-> “ttt 


ee een ees 


Ava Wiavlavd fetta laviavlant ery eb attatain, tee Mi eT Ale edt IAAT att At INURL RET sunt = 


me ee ot | i ein 


a it ute Uee ne a 


=—ea’ ad =—a’ = : ==t oi 
| on i si ss Ps Eh tae a UT 


OUT1 GATE1 CLK1 
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OUTO GATEO GND 


CLKO 


ee 82C55A 


CMOS Programmable 


February 1992 Peripheral Interface 
Features Description 
¢ Pin Compatible with NMOS 8255A The Harris 82C55A is a high performance CMOS version of 
e 24 Programmable V/O Pins the industry standard 8255A and is manufactured using a 
¢ Fully TTL Compatible self-aligned silicon gate CMOS process (Scaled SAJI IV). It 


° High Speed, No “Wait State” Operation with 5MHz and is a general purpose programmable I/O device which may be 
8MHz 80C86 and 80C88 used with many different microprocessors. There are 24 I/O 


ins which may be individually programmed in 2 gro f 
° Direct Bit Set/Reset Capability Doe ee ay ne amunen red in 2 groups © 


- 12 and used in 3 major modes of operation. The high 
e Enhanced Control Word Read Capability performance and industry standard configuration of the 


¢ Scaled SAJI IV CMOS Process 82C55A make it compatible with the 80C86, 80C88 and 
¢ 2.5mA Drive Capability on All /O Ports other microprocessors. 
e Low Standby Power (ICCSB) ................. 10uA 


Static CMOS circuit design insures low operating power. TTL 
SO  COMPAtibility Over the full military temperature range and bus 
Order ing Information hold circuitry eliminate the need for pull-up resistors. The 


NeseRaee| TEMPERATURE ae oe Harris advanced SAJI process results in performance equal 
RANGE 


to or greater than existing functionally equivalent products at 
Plastic DIP a fraction of the power. 
PLOG 
Poe eee ae 
Ceramic DIP CD82C55A-5 


CMOS 
PERIPHERALS 


Pinouts 
40 LEAD DIP 44 LEAD LCC 44 LEAD PLCC 
TOP VIEW TOP VIEW 


Bezzt222222E 


Tg rg rig Tatty Tag & 


age 
bad bad bead bad tad i d bed ta 
- 


GCM HMR Cee 


e e . Q 
bead tad bod tud 125 t d bad bad bed bad bod 
- 


TOES} 


A 


ZORRERRIRRE 


S: 
Ne 
ey 
3 
a 
29 


SRERERERER EES 2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2969 


Copyright © Harris Corporation 1992 
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DIP PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 
vcc VCC: the +5V power supply pin. A 0.1uF capacitor between pins 26 and 7 is 
recommended for decoupling. 
DO-D7 27-34 //O DATA BUS: The Data Bus lines are bidirectional three-state pins connected to the 
system data bus. 


RESET 


RESET: A high on this input clears the control register and all ports (A, B, C) are set to 


the input mode with the “Bus Hold” circuitry turned on. 


CHIP SELECT: Chip select is an active low input used to enable the 82C55A onto the 

Data Bus for CPU communications. 
READ: Read is an active low input control signal used by the CPU to read status 
information or data via the data bus. 


WRITE: Write is an active low input control signal used by the CPU to load control words 
and data into the 82C55A. 


ADDRESS: These input signals, in conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word register. AO and A1 are normally 
connected to the least significant bits of the Address Bus AO, A1). 


PAO-PA7 | 1-4, 37-40 1/0 PORT A: 8 Bit input and output port. Both bus hold high and bus hold low circuitry are 
present on this port. 


PBO-PB7 V0 PORT B: 8 Bit input and output port. Bus hold high circuitry is present on this port. 
PCO-PC7 10-17 1/O PORT C: 8 Bit input and output port. Bus hold high circuitry is present on this port. 


AO-A1 


Hi : a ; EEE 


POWER 
SUPPLIES 


BI-DIRECTIONSL 
OATA BUS 


07-00 


DATA 
BUS 
BUFFER 


8-BIT 
INTERNAL 
DATA BUS 
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Functional Description 
Data Bus Buffer 


This three-state bi-directional 8 bit buffer is used to 
interface the 82C55A to the system data bus. Data is trans- 
mitted or received by the buffer upon execution of input or 
output instructions by the CPU. Control words and status 
information are also transferred through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the internal and 
external transfers of both Data and Control or Status words. 
It accepts inputs from the CPU Address and Control busses 
and in turn, issues commands to both of the Control 
Groups. 


(CS) Chip Select. A “low” on this input pin enables the 
communication between the 82C55A and the CPU. 


(RD) Read. A “low” on this input pin enables the 82C55A to 
send the data or status information to the CPU on the data 
bus. In essence, it allows the CPU to “read from” the 
82C55A. 


(WR) Write. A “low” on this input pin enables the CPU to 
write data or control words into the 82C55A. 


(AO and A1) Port Select 0 and Port Select 1. These input 
signals, in conjunction with the RD and WR inputs, control 
the selection of one of the three ports or the control word 
register. They are normally connected to the least signifi- 
cant bits of the address bus (AO and A1). 


82C55A BASIC OPERATION 


INPUT OPERATION 
WR (READ) 


Port Aw Data Bus 


Port B » Data Bus 
Port C » Data Bus 
Control Word = Data Bus 


OUTPUT OPERATION 
(WRITE) 


Data Bus =» PortA 
Data Bus =» Port B 
Data Bus =» Port C 
Data Bus =» Control 
DISABLE FUNCTION 
Data Bus » Three-State 
Data Bus = Three-State 


BI-DIRECTIONSL 


FIGURE 1. 82C55A BLOCK DIAGRAM. DATA BUS BUFFER, 
READ/WRITE, GROUP A & B CONTROL LOGIC 
FUNCTIONS 


(RESET) Reset. A “high” on this input initializes the control 
register to 9Bh and all ports (A, B, C) are set to the input 
mode. “Bus hold” devices internal to the 82C55A will hold 
the I/O port inputs to a logic “1” state with a maximum hold 
current of 400uA. 


Group A and Group B Controls 


The functional configuration of each port is programmed by 
the systems software. In essence, the CPU “outputs” a 
control word to the 82C55A. The control word contains 
information such as “mode”, “bit set’, “bit reset’, etc., that 
initializes the functional configuration of the 82C55A. 


Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control Logic, receives 
“control words” from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group A - Port A and Port C upper (C7 - C4) 
Control Group B - Port B and Port C lower (C3 - CO) 


The control word register can be both written and read as 
shown in the “Basic Operation” table. Figure 4 shows the 
control word format for both Read and Write operations. 
When the control word is read, bit D7 will always be a logic 
“1” as this implies control word mode information. 
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The 82C55A contains three 8 bit ports (A, B, and C). All can 
be configured to a wide variety of functional characteristics 
by the system software but each has its own special 
features or “personality” to further enhance the power and 
flexibility of the 82C55A. 


Port A One 8 bit data output latch/buffer and one 8 bit data 
input latch. Both “pull-up” and “pull-down” bus=hold de- 
vices are present on Port A. See Figure 2a. 


Port B One 8 bit data input/output latch/buffer and one 8 
bit data input buffer. See Figure 2b. 


Port C One 8 bit data output latch/buffer and one 8 bit data 
input buffer (no latch for input). This port can be 
divided into two 4 bit ports under the mode control. Each 4 
bit port contains a 4 bit latch and it can be used for the control 
signal outputs and status signal inputs in conjunction with 
ports A and B. See Figure 2b. 
MASTER 
a) RESET 


OR MODE 
CHANGE 


INTERNAL 
DATA IN 
INTERNAL 
DATA OUT 
(LATCHED) 


INPUT MODE 


EXTERNAL 
PORT A PIN 


OUTPUT MODE 


b) vcc 


RESET 
OR MODE P 
CHANGE 


EXTERNAL 
PORT B, C 
PIN 


INTERNAL 
DATA IN 


INTERNAL 
DATA OUT 


(LATGHED) OUTPUT MODE 


FIGURE 2. PORT A, PORT C BUS-HOLD CONFIGURATION 


Operational Description 


Mode Selection 

There are three basic modes of operation than can be 
selected by the system software: 

Mode O - Basic Input/Output 

Mode 1 - Strobed Input/Output 

Mode 2 - Bi-directional Bus 


When the reset input goes “high”, all ports will be set to the 
input mode with all 24 port lines held at a logic “one” level 
by internal bus hold devices. After the reset is removed, the 
82C55A can remain in the input mode with no additional 
initialization required. This eliminates the need to pullup or 
pulldown resistors in all-CMOS designs. The control word 
register will contain 9Bh. During the execution of the system 
program, any of the other modes may be selected using a 
single output instruction. This allows a single 82C55A to 
service a variety of peripheral devices with a simple soft- 
ware maintenance routine. Any port programmed as an out- 
put port is initialized to all zeros when the control word is 
written. 


PB7-PBg 


PC3-PCo PC7-PC4 PA7-PAg 


MODE 1 8 a A 


PB7-PB CONTROL PA7-PAQ 


oR 1/0 


CONTROL 
or W/O 


MODE 2 B A 
1/0 BI-DIRECTIONAL 


PA7-PAgQ 
CONTROL 


FIGURE 3. BASIC MODE DEFINITIONS AND BUS INTERFACE 


CONTROL WORD 


GROUP B 


PORT C (LOWER) 
1= INPUT 
0= OUTPUT 


PORT B 
1= INPUT 
0= OUTPUT 


MODE SELECTION 
0=MODEO 
1= MODE 1 


GROUP A 


PORT C (UPPER) 
1 = INPUT 
0= OUTPUT 


PORTA 
1= INPUT 
0= OUTPUT 


MODE SELECTION 
00 = MODE 0 

01=MODE 1 
1X =MODE 2 


MODE SET FLAG 
1= ACTIVE 


FIGURE 4. MODE DEFINITION FORMAT 
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The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, 
including the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be “tailored” to almost any 1/O 
structure. For instance: Group B can be programmed in 
Mode O to monitor simple switch closings or display 
computational results, Group A could be programmed in 
Mode 1 to monitor a keyboard or tape reader on an inter- 
rupt-driven basis. 


The mode definitions and possible mode conbinations may 
seem confusing at first, but after a cursory review of the 
complete device operation a simple, logical 1/O approach 
will surface. The design of the 82C55A has taken into 
account things such as efficient PC board layout, control 
signal definition vs. PC layout and complete functional flexi- 
bility to support almost any peripheral device with no exter- 
nal logic. Such design represents the maximum use of the 
available pins. 


Single Bit Set/Reset Feature (Figure 5) 


Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in control-based applications. 


When Port C is being used as status/control for Port Aor B, 
these bits can be set or reset by using the Bit Set/Reset 
operation just as if they were data output ports. 


CONTROL WORD 


BIT SET/RESET 
1= SET 
0 = RESET 


BIT SELECT 


coll os 
ofofojo{yis| 1] 1 {62 


BIT SET/RESET FLAG 
0= ACTIVE 


FIGURE 5. BIT SET/RESET FORMAT 


Interrupt Control Functions 


When the 82C55A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 


signals, generated from port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using 
the bit set/reset function of port C. 


This function allows the programmer to enable or disable a 
CPU interrupt by a specific I/O device without affecting any 
other device in the interrupt structure. 


INTE Flip-Flop Definition: 


(BIT-SET)-INTE is SET - Interrupt Enable 
(BIT-RESET)-INTE is RESET - Interrupt Disable 


NOTE: All Mask flip-flops are automatically reset during mode selection and 
device Reset. 


Operating Modes 


Mode O (Basic Input/Output). This functional configuration 
provides simple input and output operations for each of the 
three ports. No handshaking is required, data is simply 
written to or read from a specific port. 


Mode 0 Basic Functional Definitions: 

© Two 8 bit ports and two 4 bit ports 

@ Any Port can be input or output 

¢ Outputs are latched 

e Input are not latched 

® 16 different Input/Output configurations possible 


i .e) a ace 
| GRouPB | B 


| GROUPA | A 
PORT C PORT C 
PORT Aj(Upper) PORT B |(Lower) 


Output {| Output Output | Output 
Output | Output 


= 


Output | Input 
Output | Output Input | Output 
Output | Output Input Input 
Output | Input Output | Output 
Output | Input Output | Input 


Output | Input Input | Output 


0) 
) 
) 
6) 
0 
0 
fe) 
0 


Output | Input Input Input 


Input | Output Output | Output 


o ON OO a FB WD N 


Input | Output Output | Input 


Input | Output Input | Output 
Input { Output Input Input 

Input Input Output | Output 
Input Input Output | Input 


Input Input Input | Output 


Input Input Input Input 
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MODE 0 (Basic Input) 


tRR 


ae CS Ce a) or 
tRD toF 


MODE 0 (Basic Output) 


tww 
WR 
two 
aa 
taw tWA 


twB 
MODE 0 CONFIGURATIONS 
CONTROL WORD #0 CONTROL WORD #2 
Dy Dg Ds Dg Dz Dz Dy Dy DO, Dg Ds Dy Dz Dz 1, % 


82C55A 


82C55A 


CONTROL WORD #1 CONTROL WORD #3 
D, Dg Ds Dy Dz Dy 0, Dy D, De Ds 2, Dz Dy D, Dy 


PA7-PAy PA,-PAy 


82C55A 82C55A 


PC,-PC, PC,-PC, 


D7-Dy 


PC3-PCy PC,-PC, 


PB,-PB, PB,-PB, 
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CONTROL WORD #4 


D, 0, Dz; D2, OD, 


Dg Dy 


82C55A 


PA,-PAy 
PC, -PC, 
0,-D) * = 


PC, PCy 


PB, -PB, 


CONTROL WORD #5 
D, Dg Og O04, 0D, dD, 


PA,-PA, 
82C55A 

PC, -PC, 
D,7-Dy | 


PC, PCy 


PB, PB, 


CONTROL WORD #6 


BD, Dg Os Dg Dz D2 D, Dy 


82CS5A 


PA, “PAY 
PC, -PC, 
D, Do Sn ctenmneernemce i 


PC-PCy 


PB,-PBy 


CONTROL WORD #7 


0D, Og Of DB, Ds DB, OD, 


82C55A 


D,-Dy 


82C55A 
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CONTROL WORD #8 
D, De Os Dg 03 D2 D, 
hae Lae PA, PAy 
PC,-PC, 
D,-0, <_—___—_+ 
PC,-PC, 
PB,-PB, 
CONTROL WORD #9 
OD, Og Og Dg O03 D2 OD, 
8 
<——f———— PA,-PA, 
82C55A 
PC,-PC, 
D,-D, nti | 
PC,-PCy 
PB,-PB, 
CONTROL WORD #10 
D, Og Ds OO Dz D, OD, 
8 
82C55A 
PC,-PC, 
D,-Dy ei re aE | 
PC,-PCy 
PB,-PB, 
CONTROL WORD #11 
D, De Of O& OD, DB, D, 
PA,-PAy 
82C55A 
PC,-PC, 
D,-Dy 
PC3-PCy 
PB,-PB, 
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CONTROL WORD #12 


D, Deg OF; 


D, D3 D2 D, 


CONTROL WORD #14 


D, Dg Of 


D, D3 D, D, 


CONTROL WORD #13 


D, Dg Dg O, D3 D2 dD, 


PA,-PA, 


82C55A 
PC,-PC, 
D,-Dy c | 


PC3-PCy 


PB,-PB, 


Operating Modes 


Mode 1 (Strobed Input/Output). This functional configura- 
tion provides a means for transferring I/O data to or from a 
specified port in conjunction with strobes or “hand shak- 
ing” signals. In mode 1, port A and port B use the lines on 
port C to generate or accept these “hand shaking” signals. 


CONTROL WORD #15 
D, D, D, Dy 


Dg 0, OD, Dy 


PA,-PAy 


82C55A 
PC,-PC, 


“| 


PC,-PCy 


PB,-PBy 


Mode 1 Basic Functional Definitions: 

¢ Two Groups (Group A and Group B) 

e Each group contains one 8 bit port and one 4 bit control/ 
data port. 

e The 8 bit data port can be either input or output. Both 
inputs and outputs are latched. 

e The 4 bit port is used for control and status of the 8 bit 
port. 
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Input Control Signal Definition 
(Figures 6 and 7) MODE 1 (PORT A) 


STB (Strobe Input) 
A “low” on this input loads data into the input latch. CONTROL WORD 


IBF (Input Buffer Full F/F) D, Dg Ds Dy Dy 0, D, Dg 


A “high” on this output indicates that the data has been 
loaded into the input latch: in essence, an acknowledge- PC,» 
ment. IBF is set by STB input being low and is reset by the 1 TRPUT 
rising edge of the RD input. 0 = OUTPUT 


INTR (Interrupt Request) 


A “high” on this output can be used to interrupt the CPU 
when and input device is requesting service. INTR is set by 
the condition: STB is a “one”, IBF is a “one” and INTE is a 
“one’”’. It is reset by the falling edge of RD. This procedure 
allows an input device to request service from the CPU by 
simply strobing its data into the port. 


RAD ———+o 


INTE A CONTROL WORD 
Controlled by bit set/reset of PC4. D, Og Dg Dy 03 D, OD, D, 


INTE PDD + | Dx 


Controlled by bit set/reset of PC2. 


CMOS 
PERIPHERALS 


FIGURE 6. MODE 1 INPUT 


STB 
aren Ga 


IBF 


tsiT 


INTR 


INPUT FROM 
PERIPHERA! 


FIGURE 7. MODE 1 (STROBED INPUT) 
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Output Control Signal Definition 
(Figures 8 and 9) 


OBF (Output Buffer Full F/F). The OBF output will go “low” 
to indicate that the CPU has written data out to the specified 
port. This does not mean valid data is sent out of the part at 
this time since OBF can go true before data is available. 
Data is guaranteed valid at the rising edge of OBF. See Note 
1. The OBF F/F will_be set by the rising edge of the WR 
input and reset by ACK input being low. 


ACK (Acknowledge Input). A “low” on this input informs the 
82C55A that the data from Port A or Port B is ready to be 
accepted. In essence, a response from the peripheral 
device indicating that is is rady to accept data. See Note 1. 


INTR (interrupt Request). A “high” on this output can be 
used to interrupt the CPU when an output device has 
accepted data transmitted by the CPU. INTR is set when 
ACK is a “one”, OBF is a “one” and INTE is a “one”. It is 
reset by the falling edge of WR. 


INTE A 
Controlled by Bit Set/Reset of PC6. 


INTE B 
Controlled by Bit Set/Reset of PC2. 


NOTE: 1. To strobe data into the peripheral device, the user must operate 
the strobe line in a hand shaking mode. The user needs to send 
OBF to the peripheral device, generates an ACK from the periph- 
eral device and then latch data into the peripheral device on the 
rising edge of OBF. 


: ion de 


OUTPUT 


MODE 1 (PORT A) 


CONTROL WORD 


D, Og Og DO, 0; Dy DO, Dy 


1 = INPUT 
0 = OUTPUT 


CONTROL WORD 
D, 0g 0, Dy 0, 0, D, Dy 


LU DPDPDT Lo Dx 


FIGURE 8. MODE 1 OUTPUT 


FIGURE 9. MODE 1 (STROBED OUTPUT) 
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RD ——eo 


CONTROL WORD 


~*~ 1= INPUT 
0 = OUTPUT 


wR —~So 


PORT A — (STROBED INPUT) 
PORT B — (STROBED OUTPUT) 


CONTROL WORD 


D, Ng Dg DO, Dz DZ D, Dy 


1 = INPUT 
0 = OUTPUT 


RD ——+o 


PORT A — (STROBED OUTPUT) 
PORT B — (STROBED INPUT) 


FIGURE 10. COMBINATIONS OF MODE 1 


Combinations of Mode 1: Port A and Port B can be individually 
defined as input or output in Mode 1 to support a wide variety of 


strobed I/O applications. 


Operating Modes 
Mode 2 (Strobed Bi-directional Bus I/O) 


The functional configuration provides a means for commu- 
nicating with a peripheral device or structure on a single 8 
bit bus for both transmitting and receiving data 
(bi-directional bus I/O). “Hand shaking” signals are provid- 
ed to maintain proper bus flow discipline similar to Mode 1. 
Interrupt generation and enable/disable functions are also 
available. 


Mode 2 Basic Functional Definitions: 

e Used in Group A only 

¢ One 8 bit, bi-directional bus Port (Port A) and a 5 bit 
control Port (Port C) 

¢ Both inputs and outputs are latched 

e The 5 bit control port (Port C) is used for control and 
status for the 8-bit, bi-directional bus port (Port A) 


Bi-directional Bus I/O Control Signal Definition 
(Figures 11, 12, 13, 14) 


INTR (Interrupt Request). A high on this output can be used 
to interrupt the CPU for both input or output operations. 


Output Operations 


OBF (Output Buffer Full). The OBF output will go “low” to 
indicate that the CPU has written data out to port A. 


ACK (Acknowledge). A “low” on this input enables the 
three-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high impedance 
state. 


INTE 1 (The INTE flip-flop associated with OBF). Con- 
trolled by bit set/reset of PC4. 

Input Operations 

STB (Strobe Input). A “low” on this input loads data into the 
input latch. 


IBF (Input Buffer Full F/F). A “high” on this output indicates 
that data has been loaded into the input latch. 


INTE 2 (The INTE flip-flop associated with IBF). Controlled 
by bit set/reset of PC4. 
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CONTROL WORD ‘ 


Ds D, D0, Do 
XDD 10 | 10 2 

1/0 | 1/0 | 1/0 
xX 


D, Dg 


a 03 


xX 


PCoo 


1 = INPUT 
0 = OUTPUT 


PORT B 


1 = INPUT 
0 = OUTPUT 


GROUP B MODE 
0 = MODE 0 
1 = MODE 1 


FIGURE 11. MODE CONTROL WORD 


FIGURE 12. MODE 2 


DATA FROM 
CPU TO 82C55A 


WR f 
ua ——"ao8 


INTR 
ACK 
STB 
IBF 


PERIPHERAL 
BUS 


DATA FROM DATA FROM 
PERIPHERAL TO 82C55A 82C55A TO PERIPHERAL 


DATA FROM 
82C55A TO CPU 


FIGURE 13. MODE 2 (BI-DIRECTIONAL) 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF ¢ MASK e STB © RD + OBF e MASK ¢ ACK e WR) 
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MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (OUTPUT) 


INTR, 
OBF, 
CONTROL WORD CONTROL WORD ACK, 
D, Dg Dg 0, Dy 0, D, Dy D; Dg Os D0, 0; DB, 0, Dy 
DDI 2 | je) EE DDD 9] 2 [ua a 
UT PPP 0} fr xX = 
P20 PC 29 IBF, 
1 = {INPUT 1 = INPUT 
0 = OUTPUT 0 = OUTPUT 


Tie) 
RD 


MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT) 


CMOS 
PERIPHERALS 


CONTROL WORD CONTROL WORD 


D, Dg De D, 0, D, D, Dg 


PT PPP | 0X 


D, Dg Ds Dy D, D, D, Dy 


6, th DDT EDX 


RD ——___eo 


WR ——_—» 


FIGURE 14. MODE 2 COMBINATIONS 


4-227 


S2C55A 


MODE DEFINITION SUMMARY 


Special Mode Combination 
Considerations: 


There are several combinations of modes possible. For any 
combination, some or all of Port C lines are used for control 
or status. The remaining bits are either inputs or outputs as 
defined by a “Set Mode” command. 


During a read of Port C, the state of all the Port C lines, 
except the ACK and STB lines, will be placed on the data 
bus. In place of the ACK and STB line states, flag status will 
appear on the data bus in the PC2, PC4, and PC6 bit posi- 
tions as illustrated by Figure 17. 


Through a “Write Port C” command, only the Port C pins 
programmed as outputs in a Mode O group can be written. 
No other pins can be affected by a “Write Port C” com- 
mand, nor can the interrupt enable flags be accessed. To 
write to any Port C output programmed as an output in a 
Mode 1 group or to change an interrupt enable flag, the 
“Set/Reset Port C Bit” command must be used. 


With a “Set/Reset Port C Bit” command, any Port C line 
programmed as an output (including IBF and OBF) can be 
written, or an interrupt enable flag can be either set or reset. 
Port C lines programmed as inputs, including ACK and STB 
lines, associated with Port C fare not affectged by a “Set/ 
Reset Port C Bit” command. Writing to the corresponding 
Port C bit positions of the ACK and STB lines with the “Set/ 
Reset Port C Bit” command will affect the Group A and 
Group B interrupt enable flags, as illustrated in Figure 17. 


GROUP A ONLY 


¢—_______— 
~<—_______> 
<—____—__» 
4 
4 
<——_____» 
<> 


Mode 0 
Or Mode 1 
Only 


INPUT CONFIGURATION 


D7 D6 D5 D4 D3 D2 D1 po 
} vo | vo | ier, INTE, |INTRa |INTEB | IBFg | INTRE 


GROUPA GROUPB 


OUTPUT CONFIGURATION 


D7 D6 D5 D4 D3 D2 D1 Do 
OBF, | INTE, INTR, | INTEg | OBFg | INTRg 


GROUPB 


GROUPA 


FIGURE 15. MODE 1 STATUS WORD FORMAT 


D7 D6 DS D4 DS D2 DI dO 
onra [wey | mea [wren |r| x | x | x | 
UW, 


GROUPB 


GROUPA 
(DEFINED BY MODE 0 OR MODE 1 SELECTION) 


FIGURE 16. MODE 2 STATUS WORD FORMAT 
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Current Drive Capability: 


Any output on Port A, B or C can sink or source 2.5mA. This 
feature allows the 82C55A to directly drive Darlington type 
drivers and high-voltage displays that require such sink or 
source current. 


Reading Port C Status (Figures 15 and 16) 


In Mode O, Port C transfers data to or from the peripheral 
device. When the 82C55A is programmed to function in 
Modes 1 or 2, Port C generates or accepts “hand shaking” 
signals with the peripheral device. Reading the contents of 
Port C allows the programmer to test or verify the “status” of 
each peripheral device and change the program flow 
accordingly. 


There is no special instruction to read the status information 
from Port C. A normal read operation of Port C is executed 
to perform this function. 


Applications of the 82C55A 


The 82C55A is a very powerful tool for interfacing peripher- 
al equipment to the microcomputer system. It represents 
the optimum use of available pins and is flexible enough to 
interface almost any I/O device without the need for addi- 
tional external logic. 


Each peripheral device in a microcomputer system usually 
has a “service routine” associated with it. The routine man- 
ages the software interface between the device and the 
CPU. The functional definition of the 82C55A _ is 
programmed by the 1/O service routine and becomes an 
extension of the system software. By examining the I/O 
devices interface characteristics for both data transfer and 
timing, and matching this information to the examples and 
tables in the detailed operational description, a control word 
can easily be developed to initialize the 82C55A to exactly 
“fit” the application. Figures 18 through 24 present a few 
examples of typical applications of the 82C55A. 


INTERRUPT ALTERNATE PORT C 
ENABLE FLAG* | POSITION PIN SIGNAL (MODE) 
INTE B PC2 ACKg (Output Mode 1) 
or STBg (Input Mode 1) 
INTE A2 PC4 STBa (Input Mode 1 
or Mode 2) 
INTE At PC6 ACKa (Output Mode 1 
or Made 2) 


FIGURE 17. INTERRUPT ENABLE FLAGS IN MODES 1 AND 2 


INTERRUPT 
REQUEST 


HIGH-SPEED 
PRINTER 


MODE 1 
(OUTPUT) 


HAMMER 
RELAYS 
DATA READY 
ACK 
PAPER FEED 


FORWARO/REV 


82C55A 


MODE! PAPER FEED 

(OUTPUT) FORWARD/REV 
RIBBON 
CARRIAGE SEN 


CONTROL LOGIC AND OAIVERS 
INTERRUPT 
REQUEST 


FIGURE 18. PRINTER INTERFACE 


4-229 


PERIPHERALS 


82C55A 


Pe Re ne Oe ee ee ee ed 


INTERAUPT 
REQUEST 


INTERRUPT 
REQUEST 


FULLY 
OECODED 
KEYBOARD 


MODE} 
{INPUT) 


SHIFT 


CONTROL fariy 
DECODED 


KEYBOARD 


MODE 0 
(OUTPUT) 12-BIT 
AD 


ie CONVERTER ANALOG OUTPUT 


ACK 


MODE 


(wPuT) SHIFT 
CONTROL 


82C55A 


82C55A 82C55A STROBE 
ACKNOWLEDGE 


GUSTLT 


$T6 DATA 


elt 


BURROUGHS SET/RESET 


SELF-SCAN 
DISPLAY 


SAMPLE EN 
ste 


seem wm 


TERMINAL 


ADDRESS 
ie 
MODE 1 
BACKSPACE 
(OUTPUT) . 8-BIT 
CLEAR 0-A ANALOG INPUT 


‘sanea CONVERTER 
(INPUT) {adC, 


MODE 0 
(imeuT) 


DATA READY 
ACK 
BLANKING 
CANCLE WORD 


INTERRUPT 
REQUEST 
FIGURE 19. KEYBOARD AND DISPLAY FIGURE 20. KEYBOARD AND FIGURE 21. DIGITAL TO ANALOG, 
INTERFACE TERMINAL ADDRESS ANALOG TO DIGITAL 
INTERFACE 
INTERRUPT INTERRUPT INTERRUPT 
REQUEST REQUEST REQUEST 


8 LEVEL 
PAPER 
R3 TAPE 

READER 


CRT CONTROLLER 

@ CHARACTER GEN 
@REFERESH BUFFER 
®CURSOR CONTROL 


FLOPPY DISK 
CONTROLLER 
AND ORIVE 


MODE 


MODE 1 (INPUT) 


(OUTPUT) 


DATA STB 
ACK (IN) 
DATA READY 
ACK (OUT) 


DATA READY 
ACK 


BLANKED 
BLACK/WHITE 


STOP/GO 


82C55A 


82C55A 


82C55A MACHINE TOOL 


START/STOP 
LIMIT SENSOR (H/V) 
OUT OF FLUID 


TRACK 0’SENSOR 
SYNC READY 
INDEX 


MODE 0 
(INPUT) 


ROW STB 
COLUMN STB 
CURSOR H/V STB 


CHANGE TOOL 
LEFT/RIGHT 
UP/DOWN 
HOR STEP STROBE 
VERT STEP STROBE 
SLEW/STEP 

FLUID ENABLE 
EMERGENCY STOP 


ENGAGE HEAD 

FORWARD/REV 

READ ENABLE 

MODE 0 WRITE ENABLE 

(OUTPUT) DISC SELECT 

ENABLE CRC 

TEST 

BUSY LT 


MODE 0 
(OUTPUT) 


MODE 0 
(OUTPUT) 


FIGURE 22. BASIC CRT CONTROLLER FIGURE 23. BASIC FLOPPY DISC FIGURE 24. MACHINE TOOL 
INTERFACE INTERFACE CONTROLLER 
INTERFACE 
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Specifications 82C55A 


Absolute Maximum Ratings Reliability Information 

SUDPIV VONA0G-s ceca Sawin kde oa ee ia see witawaeoa +8.0V Thermal Resistance Gia i 

Input, Output or 1/O Voltage ............. GND-O.5V to Vect+0.5V Ceramic DIP Package............. 40°C/AWV 10°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 70°C/W 16°C/W 

Junction Temperature... 2... cc cee eee eee +175°C Maximum Package Power Dissipation at +1 25°C 

Lead Temperature (Soldering 10s)...........----.+++- +300°C ——- Ceramic DIP Package... 6.22.2... ee cece eee eee 1.23W 

ESD Classification ........ 0. ccc cere cece ween eee Class 1 Ceramic LCC Package ..........0.cccce eee ee ees 718mMW 
Gate Coun sacs s tom casa ehars awe ete ees 1000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................6.06. +4.5V to+5.5V Operating Temperature Range 
CBOSS SA indies euciuna we RUG a Sie Oa eee eae Retail 0°C to +70°C 
IS2COOA cient ae xr aware eae toe -40°C to +85°C 
Me OSA eee tv he ewe tiee Sled ekaa ik -55°C to +125°C 


DC Electrical Specifications Voc = 5.0V +10%; T, = 0°C to +70°C (C82C55A); 


Ta = -40°C to +85°C (I82C55A); 
PARAMETER 


Ty = -55°C to +125°C (M82C55A) 


min | UNITS TEST CONDITIONS 
Logical One Input Voltage V I82C55A, C82C55A, 
M82C55A 


lon = -2.5mA, 
lon = -1000A 


lot +2.5mMA 


Vin = Vec or GND, 
DIP Pins: 5, 6, 8, 9, 35, 36 


LS 


Ta = +25°C, Voc = 5.0V, Typical (See Note2) 
NOTES: 


1. Nointernal current limiting exists on Port Outputs. A resistor must 2. ICCOP = 1mA/MHz of Peripheral Read/Write cycle time. 
be added externally to limit the current. (Example: 1.0ps I/O Read/Write cycle time = 1mA) 


Logical One Output Voltage 3.0 
Voc -0.4 


a 
eH 


Input Leakage Current eae | +1.0 


I/O Pin Leakage Current -10 +10 
IBHH Bus Hold High Current 


pS 


ICCOP Operating Power Supply Current 


Capacitance T, = 25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
Input Capacitance FREQ = 1MHz, All Measurements are 
f i N 
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Specifications 82C55A 


AC Electrical Specifications Voc = +5V+ 10%, GND = OV; T, = -55°C to +125°C (M82C55A) (M82C55A-5); 
Ta = -40°C to +85°C (I82C55A) (I8B2C55A-5); 
Ty = O°C to +70°C (C82C55A) (C82C55A-5) 


TEST 


READ TIMING 
1) tAR 
2) tRA 
3) tRR 
4) tRD 
5) tDF 
6) tRV 
WRITE TIMING 


Thaw 
WA 
a0 
“onow 
(rw 


OTHER TIMING 

12) WB WR = 1 to Output 

(13) tIR Peripheral Data Before 
(14) tHR Peripheral Data After RD 

(15) tAK ACK Pulse Width 

(16) tST STB Pulse Width 

(17) tPS Peripheral Data Before STB High 
18) tPH Peripheral Data After STB High 
19) tAD ACK = 0 to Output 

20) tKD ACK = 1 to Output Float 

(21) WOB WR = 1 to OBF =0 

(22) tAOB ACK = 0 to OBF = 1 

(23) tSIB STB = 0 to IBF = 1 

(24) tRIB RD = 1 to IBF =0 

_ | (25) tRIT RD = 0 to INTR=0 

(26) tSIT STB = 1 to INTR=1 

27) taAlT ACK = 1 to INTR = 1 

28) twiT WR = 0 to INTR = 0 

(29) tRES Reset Pulse Width 


Address Stable Before RD 
Address Stable After RD 

RD Pulse Width 

Data Valid From RD 

Data Float After RD 

Time Between RDs and/or WRs 


Ni 
3) 
N 
nn 


— 


_ 
oa 
co) 
—_ 
3 


on? 


a 


D 


~~ 
oh, 


7 


_ 
Ni 
on 


— § ot 
S;s 


NOTE: 
1. Period of initial Reset pulse after power-on must be at least 50j:sec. Subsequent Reset pulses may be 500ns minimum. 
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Timing Waveforms 
MODE 0 (BASIC INPUT) 


(4) (5) 
MODE O (BASIC OUTPUT) 
(9) 
come tww 
WR 
10 (11) 
two 
TAW (7) (8) twa 


CMOS 
PERIPHERALS 


MODE 1 (STROBED INPUT) 


STB 


IBF 


INTR 


INPUTFROM ee ar nk RE EG ET AE PRUNE eS Re ee OD peer ee oe at ae 
PERIPHERAL 
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Timing Waveforms (Continued) 
MODE 1 (STROBED OUTPUT) 


WA 
OBF 
INTR 
ACK 
OUTPUT 
MODE 2 (BI-DIRECTIONAL) Se eaeons 
CPU TO 82C55A 
WR r 
i (NOTE 1) 
BF 
twos 
21 f 
INTR ‘en ‘Tt 
atk yey 
(16) g 
(BF 
tapi 19) (20) 
—_— oo —-—-| (KD |—— 
PERIPHERAL aon a: sa ycaaeeyie e are 
BUS 
—_ trip (24) 
RO 
DATA FROM DATA FROM 
PERIPHERAL TO 82C55A 82C55A TO PERIPHERAL 
DATA FROM 


nm — — —— 55A TO CPU 
NOTE: 1. Any sequence where WR occurs before ACK and STB occurs before F RD is permissible. el : 
(INTR = IBF ¢ MASK e STB e RD © OBF @ MASK e ACK # WR) 


WRITE TIMING READ TIMING 


(aw m4 | Wh "AR 3 tRA(2) 


rt t 1 
1 aa wor{(11) (4)tRD toF(5) 


Wh vata 8s CMM Md 


HIGH IMPEDANCE 


(9) 
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AC Test Circuit AC Testing Input, Output Waveforms 
v1 INPUT OUTPUT 
VIH + 0.4V VOH 
Rt 1.5V 1.5V 
FROM OUTPUT TEST VIL -0.4V VOL 
UNDER TEST POINT ; 
R2 C1* 


AC Testing All parameters tested as per test circuits. Input rise and fall 
times are driven at 1ns/V 


*Includes Stray and Jig Capacitance 


TEST CONDITION DEFINITION TABLE 


restconomion | vs fet re Pct 


Burn-In Circuits 


MD82C55A CERAMIC DIP MR82C55A CERAMIC LCC Y 
< 
FS ol a0) Fit OP eS Se ee ae O ti 
F7 2 | F12 7 a 
F8 F13 : 
FS 4 | Fi4 Qo. 
F4 5 | 36] F2 GND 
F3 6 | F5 i 
GND F15 ag F15 
oe . < ; 
et 2 as F6 F13 
F10 10] 31) F13 a oe 
a jis F8 F15 
EF PIS FQ Fit 
F8 28) Fil F10 F12 
FS qi F12 F6 
Fi0 is 8 a Teh fk fal fa an fot fal fal fae fan Et 
F6 16] Fi3 
F7 [24] F14 ii a 
FS al zs FIS reegesre®2 29 b 
F10 20) 21 F12 
VCC = 55V + 05V C1 = 0.01pF minimum 
VIH = 4 5V + 10% All resistors are 47kQ + 5% 
VIL = -0.2V to 0 4V f0 = 100kHz + 10% 
GND = ov HM =10+2;)f2=14+2;...;15=f14+2 
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Metallization Topology 


DIE DIMENSIONS: 
131.4 x 167.7 x 19 +1 mils 
METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiOo 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
0.78 x 109 A/cm2 


Metallization Mask Layout 
82C55A 


RD PAO PA1 PA2 PA3 PA4 PAS PA6 PA7 WR 


| le i | wall a : 
— @:3 mE Pk I: bay] RESET 
- Rolle lee : ‘ina aaa fatal Ke 2 Lice es, 

GND L ii 
Al D1 
AO D2 

PC7 

ae glee HL ie D3 
* 
eT Ti «mina i 
PC6 TEST The er ae 
D4 

PAS erat — . Mis [fies ei 

rats PLS eee Be va sh. H Le ame Rain, bia 4) ( D5 

PC4 

D6 

PCO . init enepap ban sipel ae | 
a a ee e 
j e vec 


By see fe ; Fey 
a 24| |F | 7 | 


ST te Lee Sot ee 


a S ~ <= oot 7, Sg 
‘C2 PD3 PEO PB1 PB2 PB3 B4 PBS PB6 PB7 


1 oot 
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REFERENCE APP NOTE 109 


February 1992 CMOS Priority Interrupt Controller 
Features Description 
e 12.5MHz, 8MHz and 5MHz Versions Available The Harris 82C59A is a high performance CMOS Priority 
- 12.5MHz Operation................00. 82C59A-12 Interrupt Controller manufactured using an advanced 2 
- 8MHz Operation .............0..esseeee 82C59A ‘Micron CMOS process. The 82CS59A is designed to relieve 


the system CPU from the task of polling in a multi-level 
- 5MHz Operation ............ 00. eeeees 82C59A-5 priority system. The high speed and industry standard 
e High Speed, “No Wait-State” Operation with 12.5MHz configuration of the 82C59A make it compatible with micro- 

80C286 and 8MHz 80C86/88 processors such as 80C286, 80286, 80C86/88, 8086/88, 


8080/85 and NSC800. 
* Pin Compatible with NMOS 8259A va 


: The 82C59A can handle up to eight vectored priority inter- 
* 80C86/88/266 and 8080/85/86/88/286 Compatible rupting sources and is cascadable to 64 without additional 


e Ejight-Level Priority Controller, Expandable to circuitry. Individual interrupting sources can be masked or 
64 Levels prioritized to allow custom system configuration. Two modes 
of operation make the 82C59A compatible with both 8080/85 

¢ Programmable Interrupt Modes and 80C86/88/286 formats. 


Individual Request Mask Capability Static CMOS circuit design insures low operating power. The 


° Fully Static Design Harris advanced CMOS process results in performance 
equal to or greater than existing equivalent products at a 

¢ Fully TTL Compatible fraction of the power. 

e Low Power Operation wo 
<ICCSB oivticnas nt hin see oleeaaee 201A Maximum z 
SACCOP 24.2 ebn cae keeeeeanee 1mA/MHz Maximum rs o 

e Single 5V Power Supply 5 a 

om 
¢ Operating Temperature Ranges Lu 
~ CB2C59A.. 2. eee eee ee eecceeeeeeees 0°C to +70°C - 

* 1B2C59A sik ee eae teres wesc wes -40°C to +85°C 

= MB2C59A oc eis eaek oe ee Secs see -55°C to +125°C 


Ordering Information 


-escrnce | Meance™ | swe | ome | tse 
RANGE 

aed os oe 
re 


Ceramic DIP 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2784 1 
Copyright © Harris Corporation 1992 4-237 
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Pinouts 


28 LEAD DIP 
TOP VIEW 


Functional Diagram 
DATA 
D7-Do (=> BUS 
BUFFER 
RO—> ss READ/ 
WR--*Ol so WRITE 
Ao LoGic 
J 
cs 
CAS 0 CASCADE 
CAS 1 BUFFER 
CAS 2 COMPARATOR 
.) 
SP/EN 


82C59A 


28 LEAD PLCC AND LCC 
TOP VIEW 


[ci C2 


INTA INT 


@ 


CONTROL LOGIC 


Pe een en 
4 4p 


IN - ! INTERRUPT 
SERVICE PRIORITY REQUEST 


REG Gay RESOLVER (aaa REG 
(ISR) ‘ a (IRR) 


> INTERRUPT MASK REG 
(IMR) 


INTERNAL BUS 
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1R7 
IR6 
IR5 
IR4 
IR3 


IR2 
IR1 


iRO 
iR1 
IR2 
IR3 
IR4 
IRS 
IR6 
IR7 


82C59A 


Pin Description 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 
Ce ee VCC: The +5V power supply pin. A 0.1uF capacitor between pins 28 and 14 is recommended for 
decoupling. 


| Gnd | 14 | GROUND 

CS CHIP SELECT: A low on this pin enables RD and WR communications between the CPU and the 
82C59A. INTA functions are independent of CS. 

WRITE: A low on this pin when CS 1s low enables the 82C59A to accept command words from 
the CPU. 


READ: A low on this pin when CS is low enables the 82C59A to release status onto the data bus 
for the CPU 

BI-DIRECTIONAL DATA BUS: Control, status, and interrupt-vector information is transferred via 
this bus. 

CASCADE LINES: The CAS lines form a private 82C59A bus to contro! a multiple 82C59A 
structure. These pins are outputs for a master 82C59A and inputs for a slave 82C59A. 

SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin. When in the Buffered Mode it 


can be used as an output to control buffer transceivers (EN). When not in the buffered mode it is 
used as an input to designate a master (SP = 1) or slave (SP = 0). 


S 
R 


1 
3 
4-11 


E 
N 
0 
(eo) 


/O 
CAS 0 - 12,13,15 //O 
CAS 2 


_ 
INTA 


Functional Description 22 


INTERRUPT: This pin goes high whenever a valid interrupt request is asserted. It is used to 
interrupt the CPU, thus tt is connected to the CPU's interrupt pin. 


INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request is executed by raising an IR 
input (low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a 
high level on an IR input (Level Triggered Mode). Internal pull-up resistors are implemented on 
IRO - 7. 


INTERRUPT ACKNOWLEDGE: This pin is used to enable 82C59A interrupt-vector data onto the 
data bus by a sequence of interrupt acknowledge pulses issued by the CPU. 


ADDRESS LINE: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 
82C59A to decipher various Command Words the CPU writes and status the CPU wishes to read. 
It is typically connected to the CPU AO address line (A1 for 80C86/88/286). 


E 
O 

ise) 
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interrupts in Microcomputer Systems 


Microcomputer system design requires that I/O devices such 


: CPU - DRIVEN 
as keyboards, displays, sensors and other components MULTIPLEXOR 


receive servicing in an efficient manner so that large 
amounts of the total system tasks can be assumed by the 
microcomputer with little or no effect on throughput. 


The most common method of servicing such devices is the 
Polled approach. This is where the processor must test 
each device in sequence and in effect “ask” each one if it 
needs servicing. It is easy to see that a large portion of the 
main program is looping through this continuous polling 
cycle and that such a method would have a serious, 
detrimental effect on system throughput, thus limiting the 
tasks that could be assumed by the microcomputer and 
reducing the cost effectiveness of using such devices. 


A more desirable method would be one that would allow the 
microprocessor to be executing its main program and only 
stop to service peripheral devices when it is told to do so 
by the device itself. In effect, the method would provide 
an external asynchronous input that would inform the 
processor that it should complete whatever instruction that 
is currently being executed and fetch a new routine that 
will service the requesting device. Once this servicing is 
complete, however, the processor would resume exactly 
where it left off. POLLED METHOD 
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This is the /nterrupt-driven method. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


INTERRUPT METHOD 


The Programmable Interrupt Controller (PIC) functions as 
an overall manager in an Interrupt-Driven system. It accepts 
requests from the peripheral equipment, determines which 
of the incoming requests is of the highest importance (prior- 
ity), ascertains whether the incoming request has a higher 
priority value than the level currently being serviced, and 
issues an interrupt to the CPU based on this determination. 


DATA 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred to as 
a “service routine”. The PIC, after issuing an interrupt to the 
CPU, must somehow input information into the CPU that 
can “point” the Program Counter to the service routine 
associated with the requesting device. This “pointer” is an 
address in a vectoring table and will often be referred to, in 
this document, as vectoring data. 


82C59A Functional Description 


The 82CS59A is a device specifically designed for use in real 
time, interrupt driven microcomputer systems. It manages 
eight levels of requests and has built-in features for 
expandability to other 82C59As (up to 64 levels). It is 
programmed by system software as an I/O peripheral. A 
selection of priority modes is available to the programmer 
so that the manner in which the requests are processed by 
the 82C59A can be configured to match system require- 
ments. The priority modes can be changed or reconfigured 
dynamically at any time during main program operation. 
This means that the complete interrupt structure can be 
defined as required, based on the total system environment. 


Interrupt Request Register (IRR) and 
In-Service Register (ISR) 


The interrupts at the IR input lines are handled by two regi- 
sters in cascade, the Interrupt Request Register (IRR) and 
the In-Service Register (ISR). The IRR is used to indicate all 
the interrupt levels which are requesting service, and the 
ISR is used to store all the interrupt levels which are current- 
ly being serviced. 


Priority Resolver 


This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected and strobed into the 
corresponding bit of the ISR during the INTA sequence. 


INTA 


INT 


@ 
D7-Do => BUS Gaal: CONTROL LOGIC 
BUFFER 
ae es SS 
ane {RO 
RD ° READ/ : IR1 
WR e WRITE INTERRUPT IR2 
Ao =? LOGIC SERVICE Goa PRIORITY REQUEST IR3 
> REG RESOLVER IR4 
ee IR5 
cs IR6 
IR7 
CAS 0 <——> CASCADE 
CAS 1 BUFFER c= ibaa Prt REG 
CAS 2 <>] COMPARATOR 


SP/EN INTERNAL BUS 


82C59A FUNCTIONAL DIAGRAM 
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Interrupt Mask Register (IMR) 


The IMR stores the bits which disable the interrupt lines to 
be masked. The IMR operates on the output of the IRR. 
Masking of a higher priority input will not affect the interrupt 
request lines of lower priority. 


Interrupt (INT) 


This output goes directly to the CPU interrupt input. The 
VOH level on this line is designed to be fully compatible with 
the 8080, 8085, 8086/88, 80C86/88, 80286, and 80C286 
input levels. 


interrupt Acknowledge (INTA) 


INTA pulses will cause the 82C59A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (uPM) of the 82C59A. 


Data Bus Buffer 


This 3-state, bi-directional 8-bit buffer is used to interface the 
82C59A to the system Data Bus. Control words and status 
information are transferred through the Data Bus Buffer. 


Read/Write Control Logic 


The function of this block is to accept output commands 
from the CPU. It contains the Initialization Command Word 
(ICW) registers and Operation Command Word (OCW) 
registers which store the various control formats for device 
operation. This function block also allows the status of the 
82C59A to be transferred onto the Data Bus. 


Chip Select (CS) 


A LOW on this input enables the 82C59A. No reading or 
writing of the device will occur unless the device is selected. 


Write (WR) 


A LOW on this input enables the CPU to write control words 
(ICWs and OCWs) to the 82C59A. 


CONTROL BUS 


DATA BUS (8) 


CASCADE 


LI 
NES IRO 


ADDRESS BUS (16) 


= a 
i ae ge = 


IRQ 


Read (RD) 


A LOW on this input enables the 82C59A to send the status 
of the Interrupt Request Register (IRR), In-Service Register 
(ISR), the Interrupt Mask Register (IMR), or the interrupt 
level (in the poll mode) onto the Data Bus. 


AO 


This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as to read the various status registers of 
the chip. This line can be tied directly to one of the system 
address lines. 


The Cascade Buffer/Comparator 


This function block stores and compares the IDs of all 
82C59As used in the system. The associated three I/O pins 
(CASO - 2) are outputs when the 82C59A is used as a 
master and are inputs when the 82C59A is used as a slave. 
As a master, the 82C59A sends the ID of the interrupting 
slave device onto the CASO - 2 lines. The slave thus 
selected will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two consecutive 
INTA pulses. (See section “Cascading the 82C59A”,) 


Interrupt Sequence 


The powerful features of the 82C59A in a microcomputer 
system are its programmability and the interrupt routine ad- 
dressing capability. The latter allows direct or indirect jump- 
ing to the specified interrupt routine requested without any 
polling of the interrupting devices. The normal sequence of 
events during an interrupt depends on the type of CPU be- 
ing used. 


These events occur in an 8080/8085 system: 


1. One or more of the INTERRUPT REQUEST lines (IRO - 
IR7) are raised high, setting the corresponding IRR bit(s). 


RD WR_ INT INTA 


82C59A 
IRQ IRQ 


iRQ IRQ IRQ 


1 


IRQ 
0) 


SLAVE PROGRAM/ 
ENABLE BUFFER 


+ 


INTERRUPT 
REQUESTS 
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2. The 82C59A evaluates these requests in the priority 
resolver and sends an interrupt (INT) to the CPU, if 
appropriate. 


3. The CPU acknowledges the INT and responds with an 
INTA pulse. 


4. Upon receiving an INTA from the CPU group, the highest 
priority ISR bit is set, and the corresponding IRR bit is re- 
set. The 82C59A will also release a CALL instruction code 
(11001101) onto the 8-bit data bus through DO - D7. 


5. This CALL instruction will initiate two additional INTA 
pulses to be sent to 82C59A from the CPU group. 


6. These two INTA pulses allow the 82C59A to release its 
preprogrammed subroutine address onto the data bus. 
The lower 8-bit address is released at the first INTA 
pulse and the higher 8-bit address is released at the 
second INTA pulse. 


7. This completes the 3-byte CALL instruction released by 
the 82C59A. In the AEOI mode, the ISR bit is reset at the 
end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is issued 
at the end of the interrupt sequence. 


The events occurring in an 80C86/88/286 system are the 
same until step 4. 


4. The 82C59A does not drive the data bus during the first 
INTA pulse. 


5. The 80C86/88/286 CPU will initiate a second INTA 
pulse. During this INTA pulse, the appropriate ISR bit is 
set and the corresponding bit in the IRR is reset. The 
82C59A outputs the 8-bit pointer onto the data bus to be 
read by the CPU. 


6. This completes the interrupt cycle. In the AEOI mode, the 
ISR bit is reset at the end of the second INTA pulse. Other- 
wise, the ISR bit remains set until an appropriate EOI 
command is issued at the end of the interrupt subroutine. 


If no interrupt request is present at step 4 of either sequence 
(i.e. the request was too short in duration), the 82C59A will 
issue an interrupt level 7. If a slave is programmed on IR bit 7, 
the CAS lines remain inactive and vector addresses are 
output from the master 82C59A. 


Interrupt Sequence Outputs 
8080, 8085 Interrupt Response Mode 


This sequence is timed by three INTA pulses. During the first 
INTA pulse, the CALL opcode is enabled onto the data bus. 


First Interrupt Vector Byte Data: Hex CD 


| for | ve | os | os | 09 | 02 | 0 | 0 | 
Se 


During the second INTA pulse, the lower address of the ap- 
propriate service routine is enabled onto the data bus. When 
interval = 4 bits, AS - A7 are programmed, while AO - A4 are 
automatically inserted by the 82C59A. When interval = 8, 
only A6 and A7 are programmed, while AO - A5 are automati- 
cally inserted. 


CONTENT OF SECOND INTERRUPT VECTOR BYTE 


Interval = 4 


During the third INTA pulse, the higher address of the appro- 
priate service routine, which was programmed as byte 2 of the 
initialization sequence (A8 - A15), is enabled onto the bus. 


CONTENT OF THIRD INTERRUPT VECTOR BYTE 


80C86, 80C88, 80C 286 Interrupt Response Mode 


80C86/88/286 mode is similar to 8080/85 mode except that 
only two Interrupt Acknowledge cycles are issued by the 
processor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 8080/85 
systems in that the 82C59A uses it to internally freeze the 
state of the interrupts for priority resolution and, as a master, it 
issues the interrupt code on the cascade lines. On this first 
cycle, it does not issue any data to the processor and leaves 
its data bus buffers disabled. On the second interrupt 
acknowledge cycle in the 86/88/286 mode, the master (or 
slave if so programmed) will send a byte of data to the pro- 
cessor with the acknowledged interrupt code composed as 
follows (note the state of the ADI mode control is ignored and 
A5 - A11 are unused in the 86/88/286 mode). 


CONTENT OF INTERRUPT VECTOR BYTE FOR 
80C86/88/286 SYSTEM MODE 


4-242 


82C59A 


Programming the 82C59A 


The 82C59A accepts two types of command words 
generated by the CPU; 


1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 82C59A in the system must 
be brought to a starting point - by a sequence of 2 to 4 
bytes timed by WR pulses. 


2. Operation Command Words (OCWs): These are the 
command words which command the 82C59A to operate 
in various interrupt modes. Among these modes are: 

a. Fully nested mode 

b. Rotating priority mode 
c. Special mask mode 

d. Polled mode 


The OCWs can be written into the 82C59A anytime after 
initialization. 


Initialization Command Words (ICWs) 
General 


Whenever a command is issued with AO = O and D4 = 1, 
this is interpreted as Initialization Command Word 1 (ICW1). 
ICW1 starts the initialization sequence during which the 
following automatically occur. 


a. The edge sense circuit is reset, which means that follow- 
ing initialization, an interrupt request (IR) input must 
make a low-to-high transition to generate an interrupt. 

b. The Interrupt Mask Register is cleared. 

. IR7 input is assigned priority 7. 

d. Special Mask Mode is cleared and Status Read is set to 
IRR. 


e. If IC4 = O, then all functions selected in ICW4 are set 
to zero. (Non-Buffered mode*, no Auto-EO!, 8080/85 
system). 

*NOTE: Master/Slave in ICW4 1s only used tn the buffered mode. 


Initialization Command Words 1 and 2 (ICW1, ICW2) 


oO 


A5 - A15: Page starting address of service routines. In an 
8080/85 system, the 8 request levels will generate CALLS 
to 8 locations equally spaced in memory. These can be 
programmed to be spaced at intervals of 4 or 8 memory 
locations, thus the 8 routines will occupy a page of 32 or 64 
bytes, respectively. 


The address format is 2 bytes long (AO - A15). When the 
routine interval is 4, AO - A4 are automatically inserted by 
the 82C59A, while A5 - A15 are programmed externally. 
When the routine interval is 8, AO - A5 are automatically 
inserted by the 82C59A while A6 - A15 are programmed 
externally. 


The 8-byte interval will maintain compatibility with current 
software, while the 4-byte interval is best for a compact 
jump table. 


In an 80C86/88/286 system, A15 - A11 are inserted in the 
five most significant bits of the vectoring byte and the 
82C59A sets the three least significant bits according to 
the interrupt level. A10 - A5 are ignored and ADI (Address 
interval) has no effect. 


LTiIM: If LTIM = 1, then the 82C59A will operate in the 
level interrupt mode. Edge detect logic on the 


interrupt inputs will be disabled. 


ADI: ALL address interval. ADI = 1 then interval = 4; 
ADI = 0 then interval = 8. 


SNGL: Single. Means that this is the only 82C59A in the 


system. If SNGL = 1, no ICWS3 will be issued. 


IC4: If this bit is set - ICW4 has to be issued. If ICW4 is 
not needed, set IC4 = 0. 


pid Sade GAECABE 


MODE 


YES (SNGL = 0) 


READY TO ACCEPT 
INTERRUPT REQUESTS 
82C59A INITIALIZATION SEQUENCE 


Initialization Command Word 3 (ICW3) 


This word is read only when there is more than one 82C59A 
in the system and cascading is used, in which case SNGL = 
O. It will load the 8-bit slave register. The functions of this 
register are: 


a. In the master mode (either when SP = 1, or in buffered 
mode when M/S = 1 in ICW4) a “1” is set for each slave 
in the bit corresponding to the appropriate IR line for the 
slave. The master then will release byte 1 of the call se- 
quence (for 8080/85 system) and will enable the corre- 
sponding slave to release bytes 2 and 3 (for 80C86/88/ 
286, only byte 2) through the cascade lines. 


b. In the slave mode (either when SP = 0, or if BUF = 1 and 
M/S = 0 in ICW4), bits 2 - 0 identify the slave. The slave 
compares its cascade input with these bits and if they 
are equal, bytes 2 and 3 of the call sequence (or just byte 
2 for 80C86/88/286) are released by it on the Data Bus 
(Note: the slave address must correspond to the IR line it 
is connected to in the master ID). 
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icw1 


| Ao | 07 | o6 | Ds | Da | ds | D2 | or | Do 
o | a | As | As 11 Lum [an [ever | 10s 
eee a ee 


1 = ICW4 needed 
O = No ICW4 needed 


1 = Single 
O = Cascade Mode 


CALL address interval 
1 = Interval of 4 
O = Interval of 8 


1 = Level triggered mode 
O = Edge triggered mode 


A7-As of Interrupt vector address 
(MCS-80/85 mode only) 


A15-Ag Of interrupt vector address 
(MCS80/85 mode) 


T7-T3 of interrupt vector address 
(8086/8088 mode) 


ICW3 (MASTER DEVICE) 


1 = IR input has a slave 
O = IR input does not have a slave 


ICW3 (SLAVE DEVICE) 


jo | or | pe | os | oe | os | m2 | | Po 
Pare Te To Te Te Pee Ter 0 


SLAVE ID(1) 


ICw4 


fp + | o [| o | o [srexm | sur | ws | Aco | ppm _ 


1 = 8086/8088 mode 
0 = MCS-80/85 mode 


1 = Auto EOI 
O = Normal EOI 


| 0 | X__| -Nonbutfered mode 
| =64.—CdL 0 | - Buffered mode slave 


— Buffered mode master 


1 = Special fully nested moded 


(1) Slave ID 1s equal to the corresponding O = Not special fully nested mode 
master IR input. 


82C59A INITIALIZATION COMMAND WORD FORMAT 
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Initialization Command Word 4 (ICW4) Operation Command Words (OCWs) 
SFNM: If SFNM = 1, the special fully nested mode is After the Initialization Command Words (ICWs) are 
programmed. programmed into the 82C59A, the device is ready to accept 


; interrupt requests at its input lines. However, during the 
BUF: If BUF = 1, the buffered mode is programmed. In gocsga operation a selection of algorithms can command 


buffered mode, SP/EN becomes an enable output the g2Cs59A to operate in various modes through the 
and the master/slave determination is by M/S. Operation Command Words (OCWS). 


M/S: _ If buffered mode is selected: M/S = 1 means the OPERATION CONTROL WORDS (OCWs) 


means the B2C59A is programmed tobeastave.w [82 [67 | 06 | 05 [oa [oa [oz | v1 [bo | 


means the 82C59A is programmed to be a slave. If 


BUF = 0, M/S has no function. 
AEOI: If AEOI = 1, the automatic end of interrupt mode is | 1 [m7] me | ms | ma | ms | m2 | Mt | mo | 
programmed. 
uPM: Microprocessor mode: pPM = 0 sets the 82C59A po {r{ s | co | of] o fee fur jto 
for 8080/85 system operation, 1PM = 1 sets the 


82C59A for 80C86/88/286 system operation. 


(0 | o jessm | smm | o | 1 | Pp [RR | Ris 


ocw1 


Interrupt Mask 
1 = Mask set 
O = Mask reset 


ocw2 


Lo | oy | o6 | os | 4 | os | D2 | Oy | 9 
po Tr fs feo] o | o [te | | bo | 


IR LEVEL TO BE 
ACTED UPON 
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End of interrupt 


Rotate in automatic EOI mode (set) Automatic rotation 
Rotate in automatic EOI mode (clear) 
* Rotate on specific EO! command 


* Set priority command Specific rotation 
No operation } *Lo- Lg are used 
OCcW3 
[Ao |o7 | 6 | ps | 4 | ds | be | or | D0 | 
| o | o [esmm | sum [ o | i |e [RR | Ris | READ REGISTER COMMAND 


1 | 


Read IR reg on | Read IS reg on 
No Action next RD pulse | next RD pulse 


1 = Poll command 
0 = No poll command 


SPECIAL MASK MODE 


Reset special | Set special 
No Action mask mask 


82C59A OPERATION COMMAND WORD FORMAT 
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Operation Control Word 1 (OCW1) 


OCW1 sets and clears the mask bits in the Interrupt Mask 
Register (IMR). M7 - MO represent the eight mask bits. M = 1 
indicates the channel is masked (inhibited), M = O indicates 
the channel is enabled. 


Operation Control Word 2 (OCW2) 


R, SL, EOI - These three bits control the Rotate and End of 
Interrupt modes and combinations of the two. A chart of these 
combinations can be found on the Operation Command 
Word Format. 


L2, L1, LO - These bits determine the interrupt level acted 
upon when the SL bit is active. 


Operation Control Word 3 (OCW3) 


ESMM - Enable Special Mask Mode. When this bit is set to 
1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = O, the SMM bit becomes a 
“don’t care”. 


SMM - Special Mask Mode. If ESMM = 1 and SMM = 1, the 
82C59A will enter Special Mask Mode. If ESMM = 1 and 
SMM = 0, the 82C59A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 


Fully Nested Mode 


This mode is entered after initialization unless another mode 
is programmed. The interrupt requests are ordered in priority 
from 0 through 7 (0 highest). When an interrupt is acknow- 
ledged the highest priority request is determined and its 
vector placed on the bus. Additionally, a bit of the Interrupt 
Service register (ISO - 7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) command 
immediately before returning from the service routine, or if the 
AEOI (Automatic End of Interrupt) bit is set, until the trailing 
edge of the last INTA. While the IS bit is set, all further 
interrupts of the same or lower priority are inhibited, while 
higher levels will generate an interrupt (which will be acknow- 
ledged only if the microprocessor internal interrupt enable 
flip-flop has been re-enabled through software). 


After the initialization sequence, IRO has the highest priority 
and IR7 the lowest. Priorities can be changed, as will be 
explained in the rotating priority mode or via the set priority 
command. 


End of Interrupt (EOI) 


The In-Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence INTA pulse 
(when AEOI bit in ICW1 is set) or by a command word that 
must be issued to the 82C59A before returning from a 
service routine (EO!] Command). An EOI command must be 
issued twice if servicing a slave in the Cascade mode, once 
for the master and once for the corresponding slave. 


There are two forms of EOI command: Specific and Non- 
Specific. When the 82C59A is operated in modes which 
preserve the fully nested structure, it can determine which IS 
bit to reset on EOI. When a Non-Specific command is issued 
the 82C59A will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the highest IS level 


was necessarily the last level acknowledged and serviced. A 
non-specific EOI can be issued with OCW2 (EOI = 1, SL = 0, 
R= 0). 


When a mode is used which may disturb the fully nested 
structure, the 82C59A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of In- 
terrupt must be issued which includes as part of the com- 
mand the IS level to be reset. A specific EOI can be issued 
with OCW2 (EOI = 1, SL = 1, R = O, and LO - L2 is the binary 
level of the IS bit to be reset). 


An IRR bit that is masked by an IMR bit will not be cleared by 
a non-specific EOI! if the 82C59A is in the Special Mask 
Mode. 


Automatic End of Interrupt (AEOI) Mode 


lf AEOI = 1 in ICW4, then the 82C59A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 82C59A will automatically perform a non-specific 
EOI operation at the trailing edge of the last interrupt acknow- 
ledge pulse (third pulse in 8080/85, second in 80C86/88/ 
286). Note that from a system standpoint, this mode should 
be used only when a nested multi-level interrupt structure is 
not required within a single 82C59A. 


Automatic Rotation (Equal Priority Devices) 


In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after being 
serviced, receives the lowest priority, so a device requesting 
an interrupt will have to wait, in the worst case until each of 7 
other devices are serviced at most once. For example, if the 
priority and “in service” status is: 


Before Rotate (IR4 the highest priority requiring service) 


oe tyme fee se we mt |e 

rsroue fo [x To Ts fo fo [| 

gg caraee Pave Ce EK eS 
fewest 


STATUS lowest highest 


After Rotate (IR4 was serviced, all other priorities rotated 
correspondingly) 


|__| s7 [ise | iss | tse | s0 [se [st | 50, 


visrsaus | 0 | 1 | o | o | o | o | | o | 
proty | agit fol7 iets {4 bs 
ghettos 


Status highest lowest 


There are two ways to accomplish Automatic Rotation using 
OCW2, the Rotation on Non-Specific EO] Command (R = 1, 


SL = 0, EOI = 1) and the Rotate in Automatic EOI Mode 
which is set by (R = 1, SL = 0, EO! = 0) and cleared by 
(R = 0, SL = 0, EO! = 0). 
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Specific Rotation (Specific Priority) 


The programmer can change priorities by programming the 
lowest priority and thus fixing all other priorities; i.e., if IR5 is 
programmed as the lowest priority device, then IR6 will 
have the highest one. 


The Set Priority command is issued in OCW2 where: R = 1, 
SL = 1, LO - L2 is the binary priority level code of the lowest 
priority device. 


Observe that in this mode internal status is updated by soft- 
ware control during OCW2. However, it is independent of 
the End of Interrupt (EO!) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command in 
OCW2 (R = 1,SL= 1, EOI = 1, and LO - L2 = IR level to 
receive lowest priority). 


Interrupt Masks 


Each Interrupt Request input can be masked individually by 
the Interrupt Mask Register (IMR) programmed through 
OCW1. Each bit in the IMR masks one interrupt channel if it 
is set (1). Bit O masks IRO, Bit 1 masks IR1 and so forth. 
Masking an IR channel does not affect the operation of 
other channels. 


Special Mask Mode 


Some applications may require an interrupt service routine 
to dynamically alter the system priority structure during its 
execution under software control. For example, the routine 
may wish to inhibit lower priority requests for a portion of its 
execution but enable some of them for another portion. 


The difficulty here is that if an Interrupt Request is acknow- 
ledged and an End of Interrupt command did not reset its IS 
bit (i.e., while executing a service routine), the 82C59A 
would have inhibited all lower priority requests with no easy 
way for the routine to enable them. 


LTIM BIT 


That is where the Special Mask Mode comes in. In the 
Special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables interrupts 
from all other levels (lower as well as higher) that are not 
masked. 


Thus, any interrupts may be selectively enabled by loading 
the mask register. 


The special Mask Mode is set by OCW3 where: ESSM = 1, 
SMM = 1, and cleared where ESSM = 1, SMM = O. 


Poll Command 


In this mode, the INT output is not used or the 
microprocessor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is achieved 
by software using a Poll command. 


The Poll command is issued by setting P = 1 in OCWS. 
The 82CS59A treats the next RD pulse to the 82CS59A (i.e., 
RD = O, CS = O) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the priority 
level. Interrupt is frozen from WR to RD. 


The word enabled onto the data bus during RD is: 


WO0O-We2: Binary code of the highest priority level 


requesting service. 
I: Equal to a “1” if there is an interrupt. 


This mode is useful if there is a routine command common to 
several levels so that the INTA sequence is not needed (saves 
ROM space). Another application is to use the poll mode to 
expand the number of priority levels to more than 64. 
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TO OTHER PRIORITY CELLS 


PRIORITY 
SET | RESOLVER 
veC Ga | 
CONTROL 
f LOGIC 
" i i Tp pe 
Q Da 
INTA i 
8080/85 ae 
MODE | FREEZE i 
INTA READ IMR 
88/286 \ FREEZE READ WRITE snes NOTES 
MODE | FREEZE IRR MASK MASTER CLR 4 Master clear active only during ICW1 
2 Freeze ts active during INTA and poll 
sequence only 
3 Truth Table for D-latch 
CG D Q Operation 
1 D1 D1 Follow 
PRIORITY CELL - SIMPLIFIED LOGIC DIAGRAM 8) X Qn-1 Hold 
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Reading the 82C59A Status 


The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR) or OCW1 
(IMR). 


Interrupt Request Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be acknow- 
ledged. The highest request level is reset from the IRR when 
an interrupt is acknowledged. IRR is not affected by IMR. 


In-Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt Command is issued. 


Interrupt Mask Register: 8-bit register which contains 
the interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0). 


The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 1). 


There is no need to write an OCW3 before every status read 
operation, as long as the status read corresponds with the 
previous one: i.e., the 82C59A “remembers” whether the 
IRR or ISR has been previously selected by the OCWS3. This 
is not true when poll is used. In the poll mode, the 82C59A 
treats the RD following a “poll write” operation as an INTA. 
After initialization, the 82C59A is set to IRR. 


For reading the IMR, no OCWS3 is needed. The output data 
bus will contain the IMR whenever RD is active and AO = 1 
(OCW1). Polling overrides status read when P = 1, RR = 1 
in OCWS. 


EARLIEST IR 
CAN BE 
REMOVED 


Edge and Level Triggered Modes 
This mode is programmed using bit 3 in ICW1. 


If LTIM = “O”, an interrupt request will be recognized by a 
low to high transition on an IR input. The IR input can remain 
high without generating another interrupt. 


If LTIM = “1”, an interrupt request will be recognized by a 
“high” level on an IR input, and there is no need for an edge 
detection. The interrupt request must be removed before the 
EOI command is issued or the CPU interrupt is enabled to 
prevent a second interrupt from occurring. 


The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
82C59A. Be sure to note that the request latch is a transpar- 
ent D type latch. 


In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first INTA. 
If the IR input goes low before this time a DEFAULT JR7 will 
occur when the CPU acknowledges the interrupt. This can 
be a useful safeguard for detecting interrupts caused by 
spurious noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for “clean up” simply execut- 
ing a return instruction, thus ignoring the interrupt. If IR7 
is needed for other purposes a default IR7 can still be 
detected by reading the ISR. A normal IR7 interrupt will set 
the corresponding ISR bit, a default IR7 won't. If a default 
IR7 routine occurs during a normal IR7 routine, however, 
the ISR will remain set. In this case it is necessary to keep 
track of whether or not the IR7 routine was previously 
entered. If another IR7 occurs it is a default. 


In power sensitive applications, it is advisable to place the 
82C59A in the edge-triggered mode with the IR lines 
normally high. This will minimize the current through the 
internal pull-up resistors on the IR pins. 


80C86/88/286 
8080/85 


8080/85 


*EDGE TRIGGERED MODE ONLY 


IR TRIGGERING TIMING REQUIREMENTS 
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The Special Fully Nested Mode 


This mode will be used in the case of a big system where 
cascading is used, and the priority has to be conserved 
within each slave. In this case the special fully nested mode 
will be programmed to the master (using ICW4). This mode 
is similar to the normal nested mode with the following 
exceptions: 


a. When an interrupt request from a certain slave is in 
service, this slave is not locked out from the master’s 
priority logic and further interrupt requests from higher 
priority IRs within the slave will be recognized by the 
master and will initiate interrupts to the processor. (In the 
normal nested mode a slave is masked out when its 
request is in service and no higher requests from the 
same slave can be serviced. 


b. When exiting the Interrupt Service routine the software 
has to check whether the interrupt serviced was the only 
one from that slave. This is done by sending a non- 
specific End of Interrupt (EOI) command to the slave and 
then reading its In-Service register and checking for 
zero. If itis empty, anon-specified EOI can be sent to the 
master, too. If not, no EOI should be sent. 


Buffered Mode 


When the 82C59A is used in a large system where bus 
driving buffers are required on the data bus and the 
cascading mode is used, there exists the problem of 
enabling buffers. 


The buffered mode will structure the 82C59A to send an 
enable signal on SP/EN to enable the buffers. In this mode, 
whenever the 82C59A’s data bus outputs are enabled, the 
SP/EN output becomes active. 


This modification forces the use of software programming 
to determine whether the 82C59A is a master or a slave. Bit 
3 in ICW4 programs the buffered mode, and bit 2 in ICW4 
determines whether it is a master or a slave. 


Cascade Mode 


The 82C59A can be easily interconnected in a system of 
one master with up to eight slaves to handle up to 64 priority 
levels. 


The master controls the slaves through the 3 line cascade 
bus (CAS2 - 0). The cascade bus acts like chip selects to 
the slaves during the INTA sequence. 


In a cascade configuration, the slave interrupt outputs (INT) 
are connected to the master interrupt request inputs. 
When a slave request line is activated and afterwards 
acknowledged, the master will enable the corresponding 
slave to release the device routine address during bytes 
2 and 3 of INTA. (Byte 2 only for 80C86/88/286). 


The cascade bus lines are normally low and will contain the 
slave address code from the leading edge of the first INTA 
pulse to the trailing edge of the last INTA pulse. Each 
82C59A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for the 
master and once for the corresponding slave. Chip select 
decoding is required to activate each 82C59A. Note: Auto 
EOI is supported in the slave mode for the 82C59A. 


The cascade lines of the Master 82C59A are activated only 
for slave inputs, non-slave inputs leave the cascade line 
inactive (low). Therefore, it is necessary to use a slave 
address of 0 (zero) only after all other addresses are used. 


ADDRESS BUS (16) 


CONTROL BUS 


D7- Do 


ee aa 
() 
Ao 0D7-Do INTA INT cs Ao 
CAS 0 


SLAVE A cas 1 
pala 


INTA cs Ao 


D7-Do_ INTA 
MASTER 82C59A 


4 3 


INTERRUPT REQUESTS 


CASCADING THE 82C59A 
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Absolute Maximum Ratings 


SUDPIY VONAGE s. ia sone ewe cis en re He aa wale Ree +8.0V 
Input, Output or I/O Voltage ............. GND-0.5V to Vec+0.5V 
Storage Temperature Range ................- -65°C to +150°C 
Junction Temperature... 2.2... .. cece cece ee eens +175°C 
Lead Temperature (Soldering 10s).............00ee eee +300°C 
ESD: Classification sé ss.5606 0 as Mice ted eee ere eee. Class 1 


Reliability Information 


Thermal Resistance Oa Qc 
Ceramic DIP Package............ 47°C/IW 10°C/W 
Ceramic LCC Package ........... 53°C/W 6°C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ........... 2. cece cece cere eens 1.08W 
Ceramic LCC Package ............ 0c eee eee eee 932mW 

Gate Counts. 255. swede eeadin Geta laeneged 1250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................0 0 eee +4.5V to +5.5V 


CBC SOAs tein de didi stare eestor uisary eats WO yi 0°C to +70°C 
BEC SOA itu tween ooo awe aw ieee -40°C to +85°C 
ME2C SSA sit Oia invita a Catena os Leas eee -55°C to +125°C 


DC Electrical Specifications VCC = +5.0V +10%, T, = 0°C to +70°C (C82C59A), Ta = -40°C to +85°C (I82C59A), Ta = -55°C to 


+125°C (M82C59A) 


End input Leakage Current 
F | Output Leakage Current 


ILIR IR Input Load Current ae 
ICCSB Standby Power Supply 
Current 
ICCOP Operating Power Supply 
Current 


NOTES: 
1. Except for [RO - iR7 where VIN = VCC or open. 


SYMBOL PARAMETER | MIN | MAX =] UNITS | TEST CONDITIONS 


VIH Logical One Input Voltage 2.0 V C82C59A, I82C59A 
2.2 V M82C59A 
ee oe ee ee ee rs 
VOH Output HIGH Voltage 3.0 VV 
VCC -0.4 
<a 


VIN = GND or VCC, Pins 1-3, 26-27 
VOUT = GND or VCC, Pins 4-13, 15-16 | 


uA VIN = OV, VIN = VCC 
pA 
| mA/MHz | VCC =5.0V, CLK FREQ = 5MHz, VIN = VCC 
or GND, Outputs Open, T, = +250C, (Note 2) | 


IOH = -2.5mA 
IOH = -100LA 


pA VCC = 5.5V, VIN = VCC or GND Outputs 
Open, (Note 1) 


2. ICCOP = 1mA/MHz of peripheral read/write cycle time, (ex: 1.0us I/O read/write cycle time = 1mA). 


Capacitance T, = +25°C 


input Capacitance 


COUT 


Output Capacitance 
Ci/O /O Capacitance 


TEST CONDITIONS | 


FREQ = 1MHz, all measurements reference to 
device GND. 
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AC Electrical Specifications VCC = +5.0V +10%, GND = OV, T, = 0°C to +70°C (C82C59A), Ta = -40°C to +85°C (I82C59A), 
Ta = -55°C to +125°C (M82C59A) 


SYMBOL PARAMETER } MIN | 
TIMING REQUIREMENTS 
AO/ICS Setup to RD/INTA | 10 


AO/CS Hold after RD/INTA 


TEST 
CONDITIONS 


(1) TAHAL 
(2)TRHAX 


(3)TRLRH RD/INTA Pulse Width 


Stal a] efal-[e]al|-[e|> 


(4)TAHWL AO/CS Setup to WR 
(5) TWHAX AO/CS Hold after WR 


(6)TWLWH WR Pulse Width 


S) 
= 
0 
2 
=z 


Data Setup to WR 
Data Hold after WR 


O 


| (9)TJLJH interrupt Request Width Low) 


(10)TCVIAL Cascade Setup to Second or Third 


INTA Slave Only) 


End of RD to next RD, End of INTA 
within an INTA sequence only 


(11) TRHAL 


S 
Z 
x= 
x< 


(12)TWHWL_ | End of WR to next WR 


—_ 

on] 

jo) 
> N 
Oo oO 


End of Command to next command 
not same command type), End of INTA 


(13) TCHCL* 400 


sequence to next INTA sequence 


2 
Oo 
= 
O 


TIMING RESPONSES 


(14) TRLDV Data Valid from RD/INTA 
(15)TRHDZ ‘| Data Float after RD/INTA 


-_— 
oO 
(2) 


NO 


(16)TJHIH Interrupt Output Delay 


(17)TIALCV Cascade Valid from First INTA 
(Master Only) 


* Worst case timing for TCHCL in an actual microprocessor system is typically greater than the values specified for the 82C59A. 
(i.e. 8085A = 1.6us, 8085A -2 = ips, 80C86 = ips, 80C286 -10 = 131ns, 80C286 -12 = 98ns) 


—_ ot 
Nh = ~~ 
S 8 8 


={e[je] ele 
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A.C. Test Circuit 


V1 
R1 
OUTPUT FROM 
DEVICE UNDER ae 
TEST 
c1* R2 


* Includes Stray and Jig Capacitance 


TEST CONDITION DEFINITION TABLE 


TEST | 
CONDITION v1 C1 


| av sean | nen | too 
a ee 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
VIH - 0.4V VOH 
1.5V 1.5V 
VIL - 0.4V VOL 


A.C. Testing: All input signals must switch between VIL - 0.4V and VIH + 0.4V. Input rise and fall 
times are driven at 1ns/V. 
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Timing Waveforms a 
WRITE 


82C59A 


(8) 
TWLWH 


TAHWL Sl TWHAX 
mead 


cs 
a a 1: 
Ao (7) (8) 
TOVWH TWHDX 
See 3 
READ/INTA rer al 
aes 
(19) 
pao TRHEH 
EN a 
TaHel HaHa 
cs ae eo 
womwe ||? 
Ao (14) (15) 
TRLDV TRHDZ 
DATA BUS —— —— ‘ccm ‘aime PE a TE ep 
(20) 
TAHDV 
OTHER TIMING RD 


INTA SEQUENCE 


(3) 


TJLJH 


SEE NOTE 3 SEE NOTE 4 


Nos 


iINTA 
SEE NOTE 1 ———~ 4 v 
re >+{>+<>-- 
TCVIAL 
aes fF \ 


NOTES: 


(17) (21) 
TIALCV | TCVDV 


1. Interrupt Request (IR) must remain HIGH until leading edge of first INTA. 3. 80C86/88/286 mode. 
2. During first INTA the Data Bus is not active in 80C86/88/286 mode 4. 8080/8085 mode. 
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Burn-In Circuits 


GND Rt 
ae RI 
55 Rt 
= RI 
- Rt 
se Rt 
D4 Rt 
a RI 
* RI 
% RI 
= RI 
CAS 0 RS 
CAS 1 RS 
GND 
oe Et 
og 2 
oa Et 
oa 
oo ft 
py 
bo 


NOTES: 

VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 
VIL = -0.2V to 0.4V 
GND = 0V 

R1 = 47kQN+5% 

R2 = 5102+ 5% 
R3 = 10kQ + 5% 
R4 = 1.2kQ + 5% 
C1 = 0.01pF min 
FO = 100kHz + 10% 
Fi = F0/2, F2 = F1/2, ... F8 = F7/2 


82C59A 


MD82C59A CERAMIC DIP 


1 28 vcc 
2 | [27 e AO ci 
3. a6} a - NTA b 
4 [25}—R2 IR7 
5 | [a}—= IR6 
g a3} 2 IRS 
r22}-R2 IR4 
rs faa }-R2 IR3 
is Bo} R2 ios vec 
0] = IR1 
14] e}-B2 IRO i 
12 17} A ‘ 
13] 16} Wy SPV EN He 
14 [15}-= CAS 2 
MR82C59A CERAMIC LCC 
vcc Ct 
D7 RD WR GND] Ao INTA 
r1{Ri {Ri {Ri [RitA 
Ae a7 
i IRG 
mi 
IR4 
Re ina 
R2 ire 
R2 Rt 


peel dake IE oaks I eck I code IE tke ad 
’ $44! 115! 146! "47% "49 


i1 


R1{R1| [R«[R1]R4,R2 


iRO 


CASO 
CAS1 
VvCC/2 
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Metallization Topology 


DIE DIMENSIONS: 
154.3 x 173.2 x 19+ Imils 


METALLIZATION: 
Type: Si - AL 
Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: akA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.64 x 10° A/em2 


Metallization Mask Layout 
82C59A 


D7 RD WR CS~ VCC AO 


oP. | : ) 
ail TEE. Hii raglan? seer 
Voaaty = =a. a) aaa 


fen 


In! { escheat ebay “awl BnS.ali] hi i | i 


]2: a | ae 


ia ei ‘shill uaa ike: CoE Wid Wt at 


ino 


(I [URES ae Pe ean 1) 


1. iitadteoas PERRI 4 eal 
i + a . 


ay Tat ‘ak cM phi iit Tanne 
venom Ss 


ri ihe: wah 
ait 


2 4 [Nisei te SMe iri 


00 cee | iis iar? “arm 


ear i‘ ea 


ee 


nan CNSR atl ee ame AM 


TT a 9 a ey | 


alas Ji 


ie ut ia Senn thee WAT mid tine. “te aul =, 
* awa) 


CASO CAS1 GND CAS2 SP/EN INT 
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CMOS Octal Latching Bus Driver 


aD 


February 1992 


Features 

¢ Full Eight-Bit Parallel Latching Buffer 

¢ Bipolar 8282 Compatible 

¢ Three-State Noninverting Outputs 

¢ Propagation Delay ..................0.- 35ns Max. 


Gated Inputs: 
- Reduce Operating Power 
- Ellminate the Need for Pull-Up Resistors 


Description 


The Harris 82C82 is a high performance CMOS Octal Latch- 
ing Buffer manufactured using a self-aligned silicon gate 
CMOS process (Scaled SAJI IV). The 82C82 provides an 
eight-bit parallel latch/ouffer in a 20 pin package. The active 
high strobe (STB) input allows transparent transfer of data 
and latches data on the negative transition of this signal. The 
active low output enable (OE) permits simple interface to 
State-of-the-art microprocessor systems. 


¢ Single 5V Power Supply Ordering Information 
e Low Power Operation .............. ICCSB = 10yA ere Rae ee 
RANGE ORDER CODE 
¢ Operating Temperature Ranges 
~ CB2C82 2... eee cee ee eee eeeeees 0c to+70°C = | Plastic DIP 
Aisne ae 
Ce ee er PL C C 
= M82C82......... 00 cece eee -55°C to +125°C 
“BBC to +125°C 
LCC -55°C to +125°C 
Pinouts TRUTH TABLE 
20 LEAD DIP 20 LEAD PLCC AND LCC 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should foliow proper |I.C. Handling Procedures. 
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H = Logic One 

L = Logic Zero 

X = Don’t Care 

: = Latched to Value of Last 
Data 

Hi-Z = High Impedance 

4 =Neg. Transition 


PIN NAMES 


[PIN DESCRIPTION 
D00-067 


Active Low Output 
Enable 


File Number 2975 


Functional Diagram 


D 


oO 


g 
~ 


STB 


Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal be- 
comes high impedance (‘‘float” condition), it could create an 
indeterminate logic state at the input and cause a disruption 
in device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device 
is disabled (OE = logic one for 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 
ground power supply pins by turning off the upper 
P-channel and lower N-channel (see Figures 1, 2). No new 
current flow from VCC to GND occurs during input transi- 
tions and invalid logic states from floating inputs are not 
transmitted. The next stage is held to a valid logic level 
internal to the device. 


vcc VvcC 
P 
N 
STB 
DATA IN INTERNAL 


DATA 


FIGURE 1. 82C82/83H 


\/ 


Ss) 0 Ss) 
BIBI EIEIE 
~ w = 


D.C. input voltage levels can also cause an increase in ICC 
if these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi- 
tion will occur only during the time the device is in the trans- 
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10mA during the 
time inputs are disabled, thereby greatly reducing the 
average power dissipation of the 82C8xX series devices. 


Typical 82C82 System Example 


in a typical 80C86/88 system, the 82C82 is used to latch 
multiplexed addresses and the STB input is driven by ALE 
(Address Latch Enable) (see Figure 3). The high pulse width 
of ALE is approximately 100ns with a bus cycle time of 
800ns (80C86/88 @ 5MHz). The 82C82 inputs are active 
only 12.5% of the bus cycle time. Average power dissipation 
related to input transitioning is reduced by this factor also. 


vcc 


OE 
INTERNAL 
DATA IN DATA 
vcc 
P 
N 


FIGURE 2. 82C86H/87H GATED INPUTS 
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Application Information 
Decoupling Capacitors 


The transient current required to charge and discharge the 
S3O00pF load capacitance specified in the 82C82 data sheet 
is determined by 


| = CL (dv/dt) 


Assuming that all outputs change state at the same time 
and that dv/dt is constant; 


l= CL 
(VCC x 80%) 
tR/tF 


where tR = 20ns, VCC = 5.0V, CL = 300pF on each of eight 
outputs. 

| = (8 x 300 x 10712) x (5.0V x 0.8)/(20 x 1079) 

= 480mA 


MULTI - 
PLEXED ADDRESS { ~~~ KADDRESS 
BU 


This current spike may cause a large negative voltage spike 
on VCC, which could cause improper operation of the 
device. To filter out this noise, it is recommended that a 
O.1uF ceramic disc decoupling capacitor be placed 
between VCC and GND at each device, with placement 
being as near to the device as possible. 


Vcc VCC 
P 
N 
STB 
INTERNAL 
DATA IN DATA 


FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage <5 ea coer ete vaaek inde ee ke tye +8.0V Thermal Resistance ................ Ba Ye 

Input, Output or 1/O Voltage ............. GND-0.5V to Veo+0.5V Ceramic DIP Package............. 79°C/W 20°C /W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 76°C/W 19°C/W 

Junction Temperature... 1.2... ce eee eee +175°C Maximum Package Power Dissipation at +1 25°C 

Lead Temperature (Soldering 10s).........-...-....5. +300°C Ceramic DIP Package ........-.. 000. e cece eee ees 638mWw 

ESD Classification ......... 0... cc eee ee eee ee tenes Class 1 Ceramic LCC Package 2 ache Rep PON aie BN eo She og Sea Se 664mW 
Gale Count aii iach eee eek tha eee eee es 65 Gates 


CAUTION Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range..................0.. +4.5V to +5.5V Operating Temperature Range 
OO Be icp -oie ait meona a ws Lain wie ee Bieta eas 0°C to +70°C 
B22 nites OGG Oa eee ea Ca ae os ee Rae -40°C to +85°C 
M8208 2) is hieta eta en oe eae 24 sah MS nS -55°C to +125°C 


DC Electrical Specifications vCC = 5.0V+10%; = Ty 
a 


0°C to +70°C (C82C82); 
-40°C to +85°C (I82C82); 
-55°C to +125°C (M82C82) 


| SYMBOL PARAMETER p= To UNITS TEST CONDITIONS 


VO = GND or VCC, OE = VCC -0.5V 
DIP Pins 12-19 
VIN = VCC or GND, VCC = 5.5V, Outputs Open 
Ta = +25°C, VCC = 5V, Typical (See Note 2) 
NOTES: 


1. VIH is measured by applying a pulse of magnitude = ViHmin to 2. Typical |CCOP = 1mA/MHz of STB cycle time. (Example: 5MHz 
one data input at a time and checking the corresponding device pP, ALE = 1.25MHz, ICCOP = 1.25mA). 
output for a valid logical “1” during valid input high time. Control 
pins (STB, OE) are tested separately with all device data input 
pins at VCC -0.4 


Logical One Input Voltage 


Capacitance 1, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 


Freq = 1MHz, all measurements are 
referenced to device GND 
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AC Electrical Specifications Meg = 5.0V +10%; Ta = 0° to +70°C (C82C82); 
= 300pF*, Freq = 1MHz : = -40°C to +85°C (182C82); 
= -55°C to +125°C (M82C82) 


SYMBOL PARAMETER rs ar. ae TEST CONDITIONS 


ae eee 
a ceed ot A 
ee ee ee ee ee oe 
itliiecccMN Usctrcncshic a SM NR CA BR 
eee ee 
i rc civierrinsco OO AS, I MO OO 
ee eee ee oe aoe 
As ucosniestines a SN GE A IR 


*Output load capacitance is rated at 300pF for ceramic and plastic packages. 
NOTES: 


1. All AC parameters tested as per test circuits and definitions 
below. Input rise and fall times are driven at 1ns/V. 


2. Input test signals must switch between VIL - 0.4V and VIH +0.4V. 


Timing Waveforms 
TR, TF (8) 


2.0V 


TIVSL (5) | TSLIX 
(6) 


STB 
TSHSL (7) 
OE 
ce TEHOZ (3) 
VOH -0.1V 
umm KD 
VOL+0.1V 
TSHOV (2) 
Test Load Circuits 
1.7V 0.6V 3.3V 
1500 3002 
TEST TEST TEST 
OUTPUT POINT OUTPUT POINT OUTPUT POINT 
O 
300pF* 50pF* SOpF* 
TIVOV, TSHOV, TELOV TEHOZ OUTPUT HIGH DISABLE TEHOZ OUTPUT LOW DISABLE 


* Includes stray and jig capacitance 
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82C82 


Burn-In Circuits 


MD 82C82 CERAMIC DIP 
vec 
Ry C1 
F2 1 | 20 a 
R 
F2 — 2 | fT) A 
R 
F2 — 3 | ie A 
R 
F2— 4 | A 
R 
F2 — 5 | 6 | A 
R 
F2—— 6 | 15) A vec 
R 
F2 —— 4] A _ 
R 
F2 — rg | 3) A 
Ry A 
FO 9 | 12 | = A : 
10 44 Fi : 
\/ 
MR 82C82 CERAMIC LCC 
vcc = 
F2 F2 F2 | vec/2 % 
no 
Rs [Rs [Rs Rs O ul 
six 
Oo 
Cc 
wi 
QO. 
: R 
r2 —"3 ; VY vcc/2 
= R 
F2 3 5 : VCC/ 2 
z R 
ro "3 : : VCC; 2 
po & Ra Vcc/ 2 | 
ae | 
rs R 
pees? | : VCC/ 2 


Fo \V/ Fi vec/2 


NOTES: 

VCC = 5.5V + 0.5V, GND = OV 
VIH = 4.5V + 10% 

VIL = -0.2V to 0.4V 

Ry = 47kQ + 5% 

Ro = 2.0kQ + 5% 

Rs = 4.2kQ + 5% 

C1 = 0.01pF minimum 

FO = 100kHz + 10% 

F1 = F0/2, F2 =F1/2 
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82C82 
Metallization Topology 


DIE DIMENSIONS: 
118.1 x 92.1 x 19+ 1Imils 
METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
2.00 x 10° A/cm? 


Metallization Mask Layout 


82C82 


eye raye 
ail = 


Teo mi 
aN 


DI2 


DO2 


DIZ 


™ DO3 
pTLA Leura TL ig 
DI4 | 


pat UN it 


Fae 
Lf nie 


TACT 


b° = DO4 
aR VS = 
atti 
SUN UNL, 


AA MmuU NN. 


lh 


DOS 
DI5 


DI6 


jE i 


DO6 
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a en 82C83H 


CMOS Octal Latching 


February 1992 Inverting Bus Driver 
Features Description 
¢ Full Eight-Bit Parallel Latching Buffer The Harris 82C83H is a high performance CMOS Octal 


Latching Buffer manufactured using a self-aligned silicon 
gate CMOS process (Scaled SAJI IV). The 82C83H provides 
e Three State inverting Outputs an eight-bit parallel latch/buffer in a 20 pin package. The 
active high strobe (STB) input allows transparent transfer of 


¢ Bipolar 8283 Compatible 


¢ Propagation Delay .....................- 25ns Max data and latches data on the negative transition of this 
¢ Gated Inputs: signal. The active low output enable (OE) permits simple 
interface to microprocessor systems. The 82C83H provides 
- Reduce Operating Power inverted data at the outputs. 
- Eliminate the Need for Pull-up Resistors * . 
e Ordering Information 


Single 5V Power Supply 


¢ Low Power Operation 


TEMPERATURE 
RANGE ORDER CODE 


Plastic DIP 0°C to +70°C CP82C83H 


¢ Operating Temperature Ranges -40°C to +85°C IP82C83H 
= CS82C8SH <csiov oe tideceiiineee sis 0°C to +70°C =| PLCC 0°C to +70°C CS82C83H 
- I82CB83H... 2... eee cece ee cece -40°C to +85°C -40°C to +85°C = |: 1S82C 83H 
- M82C83H............0ceeeecees -55°C to +125°C =|, Ceramic DIP 0°C to +70°C CD82C83H 3 
a 
LJ 
rT 
Q. 
tr 
-55°C to +125°C MR82C83H/B a. 
84067022A 
Pinouts TRUTH TABLE 
plea 20 LEAD PLCC AND LCC 
TOP VIEW 
Dio 
Diy 
Di, [3 
Di, [4] 
DI H = Logic One Hi-Z = High Impedance 
: L = Logic Zero 1 = Neg. Transition 
Dis X = Don't Care 
Dig * = Latched to Value of Last Data 
Di, Lg 
OE Lo. PIN NAMES 


reer 
[eE___[saretovowaam 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2971 
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82C83H 


Functional Diagram 


Sa 
[DIO D Qr-qp Oo) 
1 LCLK ! 
Dit ee ell 
12 ane 
DIS ane fxex) 
[Dia a eee 
DIS | es ee DOS | 
[Dis oe lDO6 
DI7 eS ee DO7 
A A 
STB | OE | 
Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
Vcc and GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal 
becomes high impedance (“float” condition), it could create 
an indeterminate logic state at the inputs and cause a 
disruption in device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device 
is disabled (OE = logic one for the 82C86H/87H). These 
gated inputs disconnect the input circuitry from the Vcc 
and ground power supply pins by turning off the upper 
P-channel and lower N-channel (See Figures 1 and 2). No 
current flow from Voc to GND occurs during input 
transitions and invalid logic states from floating inputs are 
not transmitted. The next stage is held to a valid logic level 
internal to the device. 


vcc vcc 
P 
N 
STB 
DATA IN INTERNAL 


DATA 


FIGURE 1. 82C82/83H 


D.C. input voltage levels can also cause an increase in ICC 
if these input levels approach the minimum Vip or maximum 
Vii. conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 


state). The 82C8X series gated inputs mean that this 
condition will occur only during the time the device is in the 
transparent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10yA during the 
time inputs are disabled, thereby greatly reducing the 
average power dissipation of the 82C8X series devices. 


vcc 


OE 
DATA IN a ate 
vec 
P 
N 


FIGURE 2. 82C86H/87H GATED INPUTS 


Decoupling Capacitors 


The transient current required to charge and discharge the 
SO0pF load capacitance specified in the 82C83H data 
sheet is determined by 


I = Cy (dv/dt) 


Assuming that all outputs change state at the same time 
and that dv/dt is constant; 


(VCC x 80%) 


=O. Se 
where tR = 20ns, Vcc = 5.0V, Cr = 300pF on each eight 
outputs. 


| =(8x300x 10712) x (5.0V x 0.8)/(20 x 1079) = 480mA 


This current spike may cause a large negative voltage spike on 
Vcc which could cause improper operation of the 
device. To filter out this noise, it is recommended that a 0.1 yF 
ceramic disc capacitor be placed between Vcc and GND at 
each device, with placement being as near to the device as 
possible. 
ALE __] Ce ae 
MULTI - 


PLEXED 
BUS 


ADDRESS 


«__ XADDRESS 


STB 


INTERNAL 


DATA IN DATA 


FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 
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Specifications 82C83H 


Absolute Maximum Ratings Reliability information 

SUPPLY. VOUAGG it hics oy act Se te ew ae yente ees ea tees +8.0V Thermal Resistance Gia X%, 

Input, Output or I/O Voltage ............. GND-O0.5V to Veco+0.5V Ceramic DIP Package............. 70°C/W 15°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 76°CIW 19°C/W 

Junction Temperature... 6. ccc ce eee tenes +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)................--.. +300°C Ceramic DIP Package .......... 0c cece cece eee eee 720mW 

ESD Classification Be bh car cer Fe BROCE OU eNO arias, ESL Where ete ere Se) Oh erie: ese Class 1 Ceramic LCC Package AN AB Mast st mt SN) Ps Mo tetas nn ple A 664mW 
ale COUN aa nies eee ate qian oper aaa 265 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................08. +4.5V to+5.5V Operating Temperature Range 
CB2CGS i diucad ee Ose eee seen tenes 0°C to +70°C 
IB2CESH cee Ch Ro es alin doe a tees -40°C to +85°C 
M82C83F 65% cid tees Saw coke a sacees an -55°C to +125°C 


DC Electrical Specifications Voc = 5.0V + 10%; Ty = 0°C to +70°C (C82C83h); 
Ts = -40°C to +85°C (182C83H); 
Ta = -55°C to +125°C (M82C83H) 


SYMBOL PARAMETER ee Ee TEST CONDITIONS 
Logical One Input Voltage 2.0 C82C83H, I182C83H 
2.2 M82C83H, (Note 1) 
Logical Zero Input Voltage a Ee ee 


Vou Logical One Output Voltage 3.0 V lon = -8mA, 
Vec -0.4V lou = -100mA, OE = GND 


Logical Zero Output Voltage pv lo = 20mA, OE = GND 
Input Leakage Current i aie Vin = GND or Vcc, DIP Pins 1-9, 11 


Output Leakage Current a 


pA Vo = GND or OE > Voc -0.5V 
DIP Pins 12-19 


ICCSB Standby Power Supply Current 


pA Vin = Voc or GND 
Vec = 5.5V Outputs Open 
ICCOP Operating Power Supply Current mA/ Ty = +25°C, Voc = SV, Typical 
MHz (See Note 2) 
NOTES: 


1. Vj, is measured by applying a pulse of magnitude = Vinmin to one 2. Typical ICCOP = 1mA/MHz of STB cycle time. (Example: 5MHz 
data input at a time and checking the corresponding device pP, ALE = 1.25MHz, ICCOP = 1.25mA). 
output for a valid logical “1” during valid input high time. Control 
pins (STB, OE) are tested separately with all device data input 
pins at Vec -0.4V. 


Capacitance T, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
fy input Capacitance oe a ae FREQ = 1MHz, all measurements are 
referenced to device GND 
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CMOS 
PERIPHERALS 


Specifications 82C83H 


AC Electrical Specifications Vcc = 5.0V + 10%; C, = 300pF*, FREQ = 1MHz 
Ta = O°C to +70°C (C82C83H); 
T, -40°C to +85°C (182C83H); 
T, = -55°C to +125°C (M82C83H) 
A 


LIMITS 
UNITS 


SYMBOL PARAMETER 


= 
= 
= 
<a 
ae 


TEST CONDITIONS 


T= [senna 
T= [stese 
ce 
T= [senna 
ce 
= 
= 
= 


“ Qutput load capacitance is rated 300 pF for both ceramic and NOTES: 
plastic packages 


See Notes 1, 2 
See Notes 1, 2 
See Notes 1, 2 


1. AllA.C. Parameters tested as per test load circuits. Input rise and 
fall times are driven at 1ns/V. 


2. Input test signals must switch between V,, -0.4V and V;, +0.4V. 
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82C83H 


Timing Waveform 


— TR, TF (8) 


2.0V 


TIVSL (5) | TSLIX 


ee 


STB 
TSHSL (7) 
OE 
as TEHOZ (3) —> 
VOH -0.1V_ 
VOL + 0.1V__ 
TSHOV (2) 


All timing measurements are made at 1. 5V unless otherwise noted. 


Test Load Circuits 


” 

a | 

2.27V 1.5V < 

no 

912 18022 rs a 

o 

TEST TEST ul 

OUTPUT bee OUTPUT Ls m 
TIVOV, TSHOV TELOV OUTPUT HIGH ENABLE 


1.5V 2.27V 


512 9102 


OUTPUT TEST 


POINT 


TELOV OUTPUT LOW ENABLE 


OUTPUT TEST 


POINT 
50pF* di 


TEHOZ OUTPUT LOW/HIGH DISABLE 


*Includes jig and stray capacitance 


82C83H 


Burn-In Circuits 
MD82C83H CERAMIC DIP 


VCC 
R1 C1 
F2 1 20) es 
R14 
F2 2 | i) A 
R14 
F2 Ej 18| A 
R1 
F2 ca] A 
R14 
F2 5 | 16] A 
R1 
F2 6 15] A VCC 
R14 
F2 14] A Ro 
R14 | 
F2 8 | A 
R1 A 
o El R . R2 
10) 411] : F1 
\/ 
MR82C83H CERAMIC LCC 
Vcc C1 
F2 F2 F2 vee | 
R4|R4/R4 R4 
R4 
F2 
R4 
F2 
R4 VCC 
Re “2 
R4 
F2 
R4 
F2 
R3 R3 R4 
NOTES: 
VCC = 5.5V + 0.5V GND = OV FOV Ft VCC 
VIH = 4.5V + 10% 2 


VIL = -0.2 to 0.4V 

R1 = 47kQ + 5% 

R2 = 2.0kQ + 5% 

R3 = 1.0kQN + 5% 

R4 = 5.0kN + 5% 

C1 = 0.01pF Minimum 

FO = 100kHz + 10% 

F1 = FO/2, F2 = F1/2, F3 = F2/2 
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82C83H 


Metallization Topology 


DIE DIMENSIONS: 
138.6 x 155.5 x 19+ 1 mils 
METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11kA + 2kA 
GLASSIVATION: 
Type: SiOo 
Thickness: 8kA + 1kA 
DIE ATTACH: 


Material: Gold - Silicon Eutectic Alloy (LCC has Gold 
Preform) 


Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
2.0 x 109 A/cm2 


Metallization Mask Layout 
82C83H 
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FARRIS 


SEMICONDUCTOR 


ao 


February 1992 


82C84A 


CMOS Clock Generator Driver 


Features 


e Generates the System Clock For CMOS or NMOS 
Microprocessors 


Up to 25MHz Operation 


e Uses a Parallel Mode Crystal Circuit or External 
Frequency Source 


¢ Provides Ready Synchronization 


¢ Generates System Reset Output From Schmitt Trigger 
Input 


¢ TTL Compatible Inputs/Outputs 


e Very Low Power Consumption 


Single 5V Power Supply 


Operating Temperature Ranges 


Description 


The Harris 82C84A is a high performance CMOS Clock 
Generator-driver which is designed to service the require- 
ments of both CMOS and NMOS microprocessors such as 
the 80C86, 80C88, 8086 and the 8088. The chip contains a 
crystal controlled oscillator, a divide-by-three counter and 
complete “Ready” synchronization and reset logic. 


Static CMOS circuit design permits operation with an exter- 
nal frequency source from DC to 25MHz. Crystal controlled 
operation to 25MHz is guaranteed with the use of a parallel, 
fundamental mode crystal and two small load capacitors. 


All inputs (except X1 and RES) are TTL compatible over 
temperature and voltage ranges. 


Power consumption is a fraction of that of the equivalent 
bipolar circuits. This speed-power characteristic of CMOS 
permits the designer to custom tailor his system design with 
respect to power and/or speed requirements. 


- C82C84A ...... ewan din G Cae. 8 alae 0°C to +70°C = ey 
204A scsi arewse [ wouce [| Seanar | onoencooe _ 
eesneeeeeens eee esee eee eee Plastic DIP 
PLoe 
-55°C to +125°C 
LCC -55°C to +125°C 
SMF 
Pinouts 
18 LEAD DIP 20 LEAD PLCC AND LCC 
TOP VIEW TOP VIEW 
18} VCC 
x1 
16] X2 “% 
is] ASYNC RDY1 z ; 
alka READY s ; 
13] FIC Nae 34 
faces AEN2 : ; 
_ nc [8 ! 
10] RESET 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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File Number 2974 


82C84A 


Functional Diagram 


om, 
ah 


Ps) 
m 
” 


17 
x1 XTAL 
x2 18 OSCILLATOR 


External Clock Crystal Drive 
RDY1, RDY2 Bus Ready Bus Not Ready 


CMOS 
PERIPHERALS 


ASYNC 1 Stage Ready 2 Stage Ready 
Synchronization Synchronization 
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82C84A 


Pin Description 


SYMBOL | NUMBER | TYPE DESCRIPTION 


3,7 ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus 
Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2 Two AEN 
signal inputs are useful in system configurations which permit the processor to access two Multi- 
Master System Busses. In non-Multi-Master configurations, the AEN signal inputs are tied true 
(LOW). 


> 
be 
Zia 
a a 


Bs) 
oO 
= 
> 
ro) 


BUS READY (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located on the system data bus that data has been received, or is available RDY1 is qual- 
ified by AEN1 while RDY2 is qualified by AEN2. 


READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is low, two stages of READY synchronization are pro- 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 


READY: READY is an active HIGH signal which is the synchronized RDY signal input. READY 
is cleared after the guaranteed hold time to the processor has been met. 


CRYSTAL IN: X1 and X2 are the pins to which a crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency.* 


FREQUENCY/CRYSTAL SELECT: F/C is a strapping option. When strapped LOW. FIC permits 
the processor’s clock to be generated by the crystal. When F/C is strapped HIGH, CLK is gen- 
erated for the EFI input.* 


EXTERNAL FREQUENCY IN: When F/C is strapped HIGH, CLK is generated from the input 
frequency appearing on this pin. The input signal is a square wave 3 times the frequency of the 
desired CLK output. 


EFI 


+ 


CLK PROCESSOR CLOCK: CLK is the clock output used by the processor and all devices which 
directly connect to the processor’s local bus. CLK has an output frequency which is 1/3 of the 


crystal or EFI input frequency and a 1/3 duty cycle. 


PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is 1/2 that of 
CLK and has a 50% duty cycle. 


OSCILLATOR OUTPUT: OSC ts the output of the internal oscillator circuitry. Its frequency is 
equal to that of the crystal. 


RESET IN: RES is an active LOW signal which is used to generate RESET. The 82C84A 
provides a Schmitt trigger input so that an RC connection can be used to establish the power-up 
reset of proper duration. 


O 
” 
QO 
iS) 


RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its 
timing characteristics are determined by RES. 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple 82C84As 
to be synchronized to provide clocks that are in phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW the internal counters are allowed to resume count- 
ing. CSYNC needs to be externally synchronized to EFI. When using the internal oscillator 
CSYNC should be hardwired to ground. 


VCC: the +5V power supply pin. A 0.1p.F capacitor between VCC and GND is recommended for 
decoupling. 


9) 
” 
< 
z 
‘?) 


0 
Q 
- 
E 


GND 


< 
@) 
O 


* If the crystal inputs are not used X1 must be tied to VCC or GND and X2 should be left open. 
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82C84A 


Functional Description 
Oscillator 


The oscillator circuit of the 82C84A is designed primarily for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 


The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input 
crystal connections. For the most stable operation of the 
oscillator (OSC) output circuit, two capacitors (C1 = C2) as 
shown in the waveform figures are recommended. The out- 
put of the oscillator is buffered and brought out on OSC so 
that other system timing signals can be derived from this sta- 
ble, crystal-controlled source. 


TABLE 1. CRYSTAL SPECIFICATIONS 


Capacitors C1, C2 are chosen such that their combined 
capacitance 


CT= C1ixC2 (Including stray capacitance) 
Ci+C2 


matches the load capacitance as specified by the crystal 
manufacturer. This insures operation within the frequency 
tolerance specified by the crystal manufacturer. 


Clock Generator 


The clock generator consists of a synchronous divide-by- 
three counter with a special clear input that inhibits the count- 
ing. This clear input (CSYNC) allows the output clock to be 
synchronized with an external event (such as another 
82C84A clock). It is necessary to synchronize the CSYNC 
input to the EFI clock external to the 82C84A. This is accom- 
plished with two flip-flops. (See Figure 1). The counter output 
is a 33% duty cycle clock at one-third the input frequency. 


* The F/C input is a strapping pin that selects either the crystal 
oscillator or the EF! input as the clock for the + 3 counter. If the 
EFI input is selected as the clock source, the oscillator section can 
be used independently for another clock source. Output is taken 
from OSC. 


Clock Outputs 


CLOCK 
SYNCHRONIZE 


EFI 


The CLK output is a 33% duty cycle clock driver designed to 
drive the 80C86, 80C88 processors directly. PCLK is a 
peripheral clock signal whose output frequency is 1/2 that of 
CLK. PCLK has a 50% duty cycle. 


Reset Logic 


The reset logic provides a Schmitt trigger input (RES) and a 
synchronizing flip-flop to generate the reset timing. The reset 
signal is synchronized to the falling edge of CLK. A simple 
RC network can be used to provide power-on reset by utiliz- 
ing this function of the 82C84A. 


READY Synchronization 


Two READY input (RDY1, RDY2) are provided to accommo- 
date two system busses. Each input has a qualifier (AEN1 
and AEN2, respectively). The AEN signals validate their 
respective RDY signals. If a Multi-Master system is not being 
used the AEN pin should be tied LOW. 


Synchronization is required for all asynchronous active-going 
edges of either RDY input to guarantee that the RDY setup and 
hold times are met. Inactive-going edges of RDY in normally 
ready systems do not require synchronization but must satisfy 
RDY setup and hold as a matter of proper system design. 


The ASYNC input defines two modes of READY synchroni- 
zation operation. 


When ASYNC is LOW, two stages of synchronization are pro- 
vided for active READY input signals. Positive-going asynchro- 
nous READY inputs will first be synchronized to flip-flop one a 
the rising edge of CLK (requiring a setup time tR1VCH) and 
the synchronized to flip-flop two at the next falling edge of CLK, 
after which time the READY output will go active (HIGH). Neg- 
ative-going asynchronous READY inputs will be synchronized 
directly to flip-flop two at the falling edge of CLK, after which 
the READY output will go inactive. This mode of operation is 
intended for use by asynchronous (normally not ready) devices 
in the system which cannot be guaranteed by design to meet 
the required RDY setup timing, TR1VCL, on each bus cycle. 


When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY inputs 
are synchronized by flip-flop two on the falling edge of CLK 
before they are presented to the processor. This mode is 
available for synchronous devices that can be guaranteed to 
meet the required RDY setup time. 


ASYNC can be changed on every bus cycle to select the 


appropriate mode of synchronization for each device in the 
system. 


(TO OTHER 82C84As) 


FIGURE 1. CSYNC SYNCHRONIZATION 


NOTE: If EFI input is used, then crystal input X1 must be tied to VCC or GND and X2 should be left open. If the crystal inputs are used, then 


EFI should be tied to VCC or GND. 
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Specifications 82C84A 


Absolute Maximum Ratings Reliability Information 

Supply VoWaGe = csc cece ee haa daw es els dake eae’ +8.0V Thermal Resistance Ba Bic 

Input, Output or I/O Voltage ............. GND-0.5V to Vec+0.5V Ceramic DIP Package............. 86°C/W 24°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 73°C/W 20°C/W 

Junction Temperature... 1... cee eee eee tee +175°C = Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)...............-.+-. +300°C Ceramic DIP Package ..........cccceee ce eeeeeeeee 580mW 

ESD Classification ............. ccc eee cee cc eet eee Class 1 Ceramic LCC Package Re Ee Rae Ree RET Meee ee 532mWwW 
Gate Coun ia twee nev eas uibace sgn eburs bee ees 50 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................008, +4.5V to+5.5V Operating Temperature Range 
CB2CB4A. cc acetat ud esenaa depuis Keres 0°C to +70°C 
B22 COA eens ares Cane eh eee wee ees -40°C to +85°C 
MB2C84A. 6 ob Shake ade raty ca ree Leak esed -55°C to +125°C 


DC Electrical Specifications VCC =+5.0V+10% 
Ta = 0°C to +70°C (C82C84A) 
Ta = -40°C to +85°C (182C84A) 
Ta = -55°C to +125°C (M82C84A) 


SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 
VIH Logical One Input Voltage Vv C82C84A, 182084 
V M82C84A, Notes 1, 2 


Logical Zero Input Voltage fd 


VCC -0.4 IOH = -4.0mA for CLK Output 
IOH = -2.5mA for All Others 
VOL Logical Zero Output Voltage 0.4 Vv IOL = +4.0mA for CLK Output 
IOL = +2.5mA for All Others 
pA VIN = VCC or GND except ASYNC, 
X1: (Note 4) 


NOTES: 

1. FiCisa strap option and should be held either < 0.8V or > 2.2V. 4. ASYNC pin includes an internal 17.5kQ nominal pull-up resistor. 
Does not apply to X1 or X2 pins. For ASYNC input at GND, ASYNC input leakage current = 300nA 

2. Due to test equipment limitations related to noise, the actual test- nominal, X1 - crystal feedback input. 
ed value may differ from that specified, but the specified limit is 5. f = 25MHz may be tested using the extrapolated value based on 
guaranteed. measurements taken at f = 2MHz and f = 10MHz. 


3. CSYNC pin is tested with VIL < 0.8V. 


Capacitance T, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
Input Capacitance FREQ = 1MHz, all measurements are 
referenced to device GND 
COUT Output Capacitance i a 
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AC Electrical Specifications V¢c¢ = +5V+ 10% 
Ta = 0°C to +70°C (C82C84A) 
Ta = -40°C to +85°C (I82C84A) 
Ta = -55°C to +125°C (M82C84A) 


ae (NOTE 1) TEST 
SYMBOL PARAMETER | MINS | MAX UNITS CONDITIONS 


TIMING REQUIREMENTS 

iy) _TevEL 
@) Teer 
@) TELEL ee 


1) 


External Frequency HIGH Time 
External Frequency LOW Time 
EFI Period 


Nh 
oO 


XTAL Frequency 

RDY1, RDY2 Active Setup to CLK 
RDY1, RDY2 Active Setup to CLK 
RDY1, RDY2 Inactive Setup to CLK 
RDY1, RDY2 Hold to CLK 


(4) TR2VCL 
(5) TRIVCH 
(6) TRIVCL 
(7) TCLRIX 
(8) TAYVCL 
(9) TCLAYX ASYNC Hold to CLK 

(10) TAIVRIV AEN1, AEN2 Setup to RDY1, RDY2 
11) TCLA1X AEN1, AEN2 Hold to CLK 

(12) TYHEH CSYNC Setup to EFI 

(143) TEHYL CSYNC Hold to EFI 


NT PO 
oe m=) 


(14) TYHYL CSYNC Width 2 TELEL 
(15) TIWHCL RES Setup to CLK 
(16) TCLITH RES Hold to CLK 0 


> 
9) 
< 
z= 
Q 
2) 
2 
i= 
ae) 
o 
Q 
i 
A 
nh 


TIMING RESPONSES 

(17) TCLCL CLK Cycle Period 
1 (18) TCHCL CLK HIGH Time 
(19) TCLCH CLK LOW Time 


(20) TCHICH2 CLK Rise or Fall Time 
(21) TCL2CL1 


(22) TPHPL 
(23) TPLPH 
(24) TRYLCL 
(25) TRYHCH 
(26) TCLIL 


—_, 
Nh 
on 


1.0V to 3.0V 


("/3 TCLCL) +2.0 
(7/3 TCLCL) -15.0 


PCLK HIGH Time 

PCLK LOW Time 

Ready inactive to CLK (See Note 4) 
Ready Active to CLK (See Note 3) (7/3 TCLCL) -15.0 
CLK to Reset Delay 

(27) TCLPH CLK to PCLK HIGH Delay 
(28) TCLPL CLK to PCLK LOW Delay 
(29) TOLCH OSC to CLK HIGH Delay 

(30) TOLCL OSC to CLK LOW Delay 


TCLCL-20 
TCLCL-20 


NOTES: 2. Tested using EFI or X1 input pin.. 

1. Tested as follows: f = 2.4MHz, VIH = 2.6V, VIL=0.4V,CL=50pF,_ — 3. Setup and hold necessary only to guarantee recognition at next 
VOH 21.5V, VOL <1.5V, unless otherwise specified. RES and F/C clock. 
must switch between 0.4V and VCC -0.4¥. Input rise and fall mes 4, Applies only to T2 states. 
driven at 1ns/V. VIL < VIL (max) - 0.4V for CSYNC pin. VCC = 4.5V 


. Appl nl T3 TW : 
and 5.5V. 5. Applies only to T3 states 


6. Tested with EFI! input frequency = 4.2MHz. 
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Timing Waveforms 


WAVEFORMS FOR CLOCKS AND RESET SIGNALS 


tELEL tELEH (2) }e— (1) tEHEL 
NAME 
EFI fe fe 
osc 
(19) 
tCLCH _{+— tCHCL 
\ (18) 
CLK on O on (17) tCLCL 
z teLpH >| |+— }e— tCLPL 
30 | 27 (28) 
PCLK oa Rn) (22) 
i tPLPH-———> tPHPL 
— tYHEH (23) 
CSYNC (12) (16) (15) 
: tCLIH te tHe 
RES i 


NOTE: All timing measurements are made at 1.5 Volts, unless otherwise noted. 


WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


CLK (7) 
tCLRIX 
tRIVCH 
RDY1,2 (5) 


tCLR1X (7) 
tAIVRIV (10) 


es tCLAIX—>} (11) 
ASYNC ) TTT 


tCLAYX (9) 
READY om 
tRYHCH (24) tRYLCL -—>| |+— 
WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 
CLK 


RDY1,2 


tAIVRIV (10) tCLR1X o= 


(8) tAYVCL tCLA1X (11) 
READY os) i . 
tRYHCH tRYLCL 
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Test Load Circuits 
TEST LOAD MEASUREMENT CONDITIONS 
2.25V 
R = 7402 FOR ALL OUTPUTS 
EXCEPT CLK 
re) 
ene pee aeae 463Q FOR CLK OUTPUT 
Cc. 
i (SEE NOTE 3) 
NOTES: 


1. CL =100pF for CLK output 
2. CL = 50pF for all outputs except CLK 
3. CL = Includes probe and jig capacitance 


TCHCL, TCLCH LOAD CIRCUIT TCHCL, TCLCH LOAD CIRCUIT 


LOAD 
(SEE NOTE 1) 


TRYLCL, TRYHCH LOAD CIRCUIT 


LOAD 
(SEE NOTE 1) 


CMOS 
PERIPHERALS 


TRIGGER 
PULSE 
GENERATOR 


LOAD 
(SEE NOTE 2) 


GENERATOR 
TRIGGER 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
VIH + 0.4V VOH 
1.5V 1.5V 
VIL - 0.4V VOL 


NOTE: Input test signals must switch between VIL (maximum) -0.4V and VIH (minimum) +0.4V. RES and F/C must switch between 0.4V 
and VCC -0.4V. Input rise and fall times driven at 1ns/V. VIL < VIL (max) -0.4V for CSYNC pin. VCC -4.5V and 5.5V. 
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Burn-In Circuits 


NOTES: 


VCC = 5.5V +0.5V, GND = OV 
VIH = 4.5V +10% 

VIL = -0.2 to 0.4V 

Ri = 47kQ, +5%, 

R2 = 10kQ, +5%, 

R3 = 2.2kQ, +5%, 

R4 = 1.2kQ, +5%, 

C1 = 0.01pF (minimum) 

FO = 100kHz +10% 

F{ =FO0/2,F2=F1/2,...Fi2= 


82C84A 


MD82C84A CERAMIC DIP 
vec 
C1 
RI - o vu 
R2 R1 
R2 | 2 | 0 
RI . 
| 3 | 16] OPEN 
RI R3 
— 4 | 15] F10 
RI 
R2 Gi 14] FI 
RI > a RI 
F11 
R1 Re vce 
12] R2 
R2 Ri GND 
R2 8 | 411] ~roaeg! a 
vec 
9 | 10] R2 
GND 
\/ 
MR82C84A CERAMIC LCC 
vec, 
N 
bs} 
2s 2 2 
c| cl bs 
R 
Fes OPEN 
vees;2 —&4 Ra F10 
cy —a —_— 
re —e4 Rae 
OPEN OPEN 
danke I tude 1 cheats It dunks Ot cede.) 
t 9! 140! $44! 49! $43! 
Lg zt Lg ig 
[ea xi ale 
N V N N N 
~ nn 
3) o * » 
(Ss) oO 3) 
> > > 
F11/2 
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Metallization Topology 


DIE DIMENSIONS: 
66.1 x 70.5 x 19 + 1Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiO» 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.42 x 10° A/cm? 


Metallization Mask Layout 
82C84A 


RDY1 


READY 


SSS! 
eT Aer ooe 


RDY2 


AEN2 


CLK 


GND RESET 
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Controller/Generator 


aD 


February 1992 


Features 


e Generates the System Clock For CMOS or NMOS 
Microprocessors and Peripherals 


Complete Control Over System Operation for Very 
Low System Power 


- Stop-Oscillator 

- Low Frequency 

- Stop-Clock 

- Full Speed Operation 


DC to 25MHz Operation (DC to 8MHz System Clock) 
and 33% 


Generates 50% 
(Synchronized) 


Duty Cycle Clocks 


e Uses a Parallel Mode Crystal Circuit or External 
Frequency Source 


¢ TTL Compatible Inputs/Outputs 


24 Pin Slimline Dual-In-Line or 28 Pad Square LCC 
Package Options 


Single 5V Power Supply 


Operating Temperature Range 


Description 


The Harris 82C85 Static CMOS Clock Controller/Generator 
provides complete control of static CMOS system operating 
modes and supports full speed, slow, stop-clock and stop- 
oscillator operation. While directly compatible with the Harris 
80C86 and 80C88 16-bit Static CMOS Microprocessor 
Family, the 82C85 can also be used for general system clock 
control. 


For static system designs, separate signals are provided on 
the 82C85 for stop (SO, S1, S2/STOP) and start (START) 
control of the crystal oscillator and system clocks. A single 
control line (SLO/FST) determines 82C85 fast (crystal/EFI 
frequency divided by 3) or slow (crystal/EFI frequency 
divided by 768) mode operation. Automatic maximum mode 
80C86 and 80C88 software HALT instruction decode logic in 
the 82C85 enables software-based clock control. Restart 
logic insures valid clock start-up and complete synchroniza- 
tion of system clocks. 


The 82C85 is manufactured using the Harris advanced 
Scaled SAJI 1V CMOS process. In addition to clock control 
circuitry, the 82C85 also contains a crystal controlled 
oscillator (up to 25MHz), clock generation logic, complete 
“Ready” synchronization and reset logic. This permits the 


= CB89CO5 ooo ek doe ieee. 0°C to +70°C designer to tailor the system power-performance product to 
@ NS2C8S fc cates ia dike ceeie ss -40°C to 485°C Provide optimum performance at low power levels. 
© WB 2CSS oa sicst oe wre alee aie neh gered -55°C to +125°C 

Ordering Information Pinouts 


a ae) Oe 24 LEAD SLIMLINE DIP 28 LEAD PLCC AND LCC 
RANGE CODE TOP VIEW TOP VIEW 
ae esync [1 2 Voc 
AENT [3. 22] X2 
ots nn / 
RDY2 [6 | 19] F/C peti ee Nae 
AEN2 [8 1 FIC 
CLK [8 | 17] RES GND 4 RES 
CLK50 [10| 15} S2/STOP 
START [11] 14] S4 
SLO/FST [12! 13} SO 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


File Number 2976 
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Pin Descriptions 


DIP PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


23 CRYSTAL CONNECTIONS: X1 and X2 are the crystal oscillator connections. The crystal 
* 22 frequency must be 3 times the maximum desired processor clock frequency. X1 is the oscillator 
circuit input and X2 ts the output of the oscillator circuit. If the crystal inputs are not used, X1 must 

: ul 
: uM 


be tied to Voc or GND, and X2 should be left open. 
: | 


EXTERNAL FREQUENCY IN: When F/C is HIGH, CLK Is generated from the EFI input signal. This 
input signal should be a square wave with a frequency of three times the maximum desired CLK 
output frequency. If the crystal inputs are not used. X! must be tied to Voc or GND, and X2 should 
be left open. 


FREQUENCY/CRYSTAL SELECT: F/C selects either the crystal oscillator or the EFI input as the 
main frequency source. When F/C is LOW, the 82C85 clocks are derived from the crystal oscillator 
circuit. When F/C is HIGH, CLK is generated from the EFI input. F/C cannot be dynamically 
switched during normal operation. 


A low-to-high transition on START will restart the CLK, CLK50 and PCLK outputs after the appro- 
priate restart sequence is completed. 


When in the crystal mode (FIC LOW) with the oscillator stopped. The oscillator will be restarted 
when a Start command is received. The CLK, CLK50 and PCLK outputs will start after the oscilla- 
tor input signal (X1) reaches the Schmitt trigger input threshold and 8K internal counter reaches 
terminal count. If F/C is HIGH (EFI mode), CLK, CLK50 and PCLK will restart within 3 EFI cycles 
after START is recognized. 


The 82C85 will restart in the same mode (SLO/FST) in which it stopped. A high level on START 
disables the STOP mode. 


SO 13 S2/STOP, $1, SO are used to stop the 82C85 clock outputs (CLK, CLK50, PCLK) and are sampled 
__ St 14 by the rising edge of CLK, CLK50 and PCLK are stopped by S2/STOP, S1, SO being in the LHH 
$2/STOP 15 state on the low-to-high transition of CLK. This LHH state must follow a passive HHH state occur- 


ring on the previous low-to-high CLK transition. CLK and_CLK50 stop in the high state when F/C 
is low and may stop in either the high or low state when F/C is high. PCLK stops in its current state 
(high or low). 


When in the crystal mode (F/C) low and a STOP command is issued, the 82C85 oscillator will stop 
along with the CLK, CLK50 and PCLK outputs. When in the EFI mode, only the CLK, CLK50 and 
PCLK outputs will be halted. The oscillator circuit if operational, will continue to run. The oscillator 
and/or clock is restarted by the START input signal going true (HIGH) or the reset input (RES) 
going low. 


SLO/FST is a level-triggered input. When HIGH, the CLK and CLK50 outputs run at the maximum 
frequency (crystal or EFI frequency divided by 3). When LOW, CLK and CLK50 frequencies are 
equal to the crystal or EFI frequency divided by 768. SLO/FST changes are internally synchro- 
nized so proper CLK and CLK50 phase relationships are maintained and minimum pulse width 
specifications are met. START and STOP control of the oscillator or EFI is available in either the 
SLOW or FAST frequency modes. The SLO/FST input must be held LOW for at least 195 OSC/ 
EFI clock cycles before it will be recognized. This eliminates unwanted frequency changes which 
could be caused by glitches or noise transients. The SLO/FST input must be held HIGH for at least 
6 OSC/EFI clock pulses to guarantee a transition to FAST mode operation. 


PROCESSOR CLOCK: CLK is the clock output used by the 80C86 or 80C88 processor and other 
peripheral devices. When SLO/FST is high, CLK has an output frequency which is equal to the 
crystal or EFI input frequency divided by three. When SLO/FST is low, CLK has an output frequen- 
cy which is equal to the crystal or EFI input frequency divided by 768. CLK has a 33% duty cycle. 


50% DUTY CYCLE CLOCK: CLK50 is an auxiliary clock with a 50% duty cycle and is synchronized 
to the falling edge of CLK. When SLO/FST is high, CLKS0 has an output frequency which is equal 
to the crystal or EFI input frequency divided by 3. When SLO/FST is low, CLK50 has an output 
frequency equal to the crystal or EFI input frequency divided by 768. 


CMOS 
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PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is equal to the 
crystal or EFI input frequency divided by 6 and has a 50% duty cycle. PCLK frequency is unaffect- 
ed by the state of the SLO/FST input. 


OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is equal 
to that of the crystal oscillator circuit. OSC is unaffected by the state of the SLO/FST input. 


When the 82C85 is in the crystal mode (FIC low) and a STOP command is issued, the OSC output 
will stop in the HIGH state. When the 82C85 is in the EFI mode (F/C HIGH, the oscillator (if 
operational) will continue to run when a STOP command is issued and OSC remains active. 
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Pin Descriptions (Continued) 


DIP PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


RESET IN: RES is an active LOW signal which is used to generate RESET. The 82C85 provides 
a Schmitt trigger input so that an RC connection can be used to establish the power-up reset of 
proper duration. RES starts crystal oscillator operation. 


RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its 
timing characteristics are determined by RES. RESET is guaranteed to be HIGH for a minimum of 
16 CLK pulses after the rising edge of RES. 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple 82C85 and 
82C84A to be synchronized to provide multiple in-phase clock signals When CSYNC is HIGH, the 
internal counters are reset and force CLK, CLK50 and PCLK into a HIGH state. When CSYNC is 
LOW, the internal counters are allowed to count and the CLK, CLK50 and PCLK outputs are active. 
CSYNC must be externally synchronized to EFI. 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus 
Ready Signal (RDY1 or RDY2). AEN] validates RDY1 while AEN2 validates RDY2. Two AEN 
signal inputs are useful in system configurations which permit the processor to access two Multi- 
Master System Buses. 


BUS READY: (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located on the system data bus that_data has been received, or is available RDY1 is 
qualified by AEN1 while RDY2 is qualified by AEN?2. 


READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is LOW, two stages of READY synchronization are pro- 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 


READY: READY is an active HIGH signal which is the synchronized RDY signal input. 


Ground 


Voc: is the +5V power supply pin. A 0.1mF capacitor between Voc and GND is recommended. 


Functional Block Diagram 


RESET 


RESET C> {18} 


117) (>-8es PULSE 
CONDITIONING 
LOGIC 
my COs RESTART LOGIC 
CSYNC SYNC 
1 { >= 
"I ll LOGIC 
(12) (7p SOLES (DIVIDE BY 3} iz 
SPEED SELECT CLKSO —> 110) 
oe OV 256 OR DIV} 
119) F/C 
eFl PERIPHERAL PCLK py 17) 


CLOCK 
(OIVide 
BY 6} 


EXTERNAL 
2aC> FREQ SELECT 
aCe 


23 r O86 p> 118 
115) C8280 
HALT 

14> 

$0 
(iG Saas. 
TT a 
31 LI 


VCC (24} 
(6) C") GND {9} 


4-282 


82C85 


Functional Description 


The 82C85 Static Clock Controller/Generator provides 
simple and complete control static CMOS system operating 
modes. The 82C85 supports full speed, slow, stop-clock and 
stop-oscillator operation. While it is directly compatible with 
the Harris 80C86 and 80C88 CMOS 16-bit static 
microprocessors, the 82C85 can also be used for general 
purpose system clock control. 


The 82C85 pinout is a superset of the 82C84A Clock 
Generator/Driver. 82C85 pins 1-9, 16-24 are compatible with 
82C84A pins 1-9, 10-18 respectively. An 82C84A can be 
placed in the upper 18 pins of an 82C85 socket and it will 
operate correctly (without the ability to control the clock and 
oscillator operation.) This allows dual design for simple 
system upgrades. The 82C85 will also emulate an 82C84A 
when pins 11-15 on the 82C85 are tied to Voc. 


For static systems designs, separate signals are provided on 
the 82C85 for stop and start control of the crystal oscillator 
and clock outputs. A single control line determines 82C85 
fast (crystaVEFI frequency divided by 3) or slow (crystal/EFI 
frequency divided by 768) mode operation. The 82C85 also 
contains a crystal controlled oscillator, clock generation 
logic, complete “Ready” synchronization and reset logic. 


Automatic 80C86/88 software HALT instruction decode logic 
is present to ease the design of software-based clock control 
systems and provide complete software control of STOP 
mode operation. Restart logic insures valid clock start-up 
and complete synchronization of CLK, CLK50 and PCLK. 


Static Operating Modes 


In static CMOS system design, there are four basic 
operating modes. The 82C85 Static Clock Controller 
supports each of them. These modes are: FAST, SLOW, 
STOP-CLOCK and STOP-OSCILLATOR. Each has distinct 
power and performance characteristics which can be 
matched to the needs of a particular system at a specific 
time (See Table 1). 


Keep in mind that a single system may require all of these 
operating modes at one time or another during normal 
operation. A design need not be limited to a single operating 
mode or a specific combination of modes. The appropriate 
operating mode can be matched to the power-performance 
level needed at a specific time or in a_ particular 
circumstance. 


Reset Logic 


The 82C85 reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset timing. 
The reset signal is synchronized to the falling edge of CLK. A 
simple RC network can be used to provide power-on reset 
by utilizing this function of the 82C85. 


When in the crystal oscillator (F/C = LOW) or the EFI (F/C = 
HIGH) mode, a LOW state on the RES input will set the 
RESET output to the HIGH state. It will also restart the 
guaranteed to stay in the HIGH state for a minimum of 16 
CLK cycles after a low-to-high transition of the RES input. 


An oscillator restart count sequence will not be disturbed by 
RESET if this count is already in progress. After the restart 
counter expires, the RESET output will stay HIGH at least for 
16 periods of CLK before going LOW. RESET can be kept 
high beyond this time by a continuing low input on the RES 
input. 


If F/C is low (crystal oscillator mode), a low state on RES 
starts the crystal oscillator circuit. The stopped outputs 
remain inactive, until the oscillator signal amplitude reaches 
the X1 Schmitt trigger input threshold voltage and 8192 
cycles of the crystal oscillator output are counted by an 
internal counter. After this count is complete, the stopped 
outputs (CLK, CLK50, PCLK, and OSC) start cleanly with 
the proper phase relationships. 


This 8192 count requirement insures that the CLK, CLK50 
and PCLK outputs will meet minimum clock requirements 
and will not be affected by unstable oscillator characteristics 
which may exist during the oscillator start-up sequence. This 
sequence is also followed when a START command is 
issued while the 82C85 oscillator is stopped. 


Oscillator/Clock Start Control 


Once the oscillator is stopped (or committed to stop) or at 
power-on, the restart sequence is initiated by a HIGH state 
on START or LOW state on RES. If F/C is HIGH, iH, then restart 
occurs immediately after the START or RES input is 
synchronized internally. This insures that stopped outputs 
(CLK, PCLK, OSC and CLK50) start cleanly with the proper 
phase relationship. 


If F/C is low (crystal oscillator mode), a HIGH state on the 
START input or a low state on RES causes the crystal 
oscillator to be restarted. The stopped outputs remain 


TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS 


clock and main clock oscillator run at rated 
frequency 


OPERATING 
MODE DESCRIPTION POWER LEVEL PERFORMANCE 
Stop-Oscillator All system clocks and main clock oscillator are Maximum savings Slowest response due to oscillator 
stopped restart time 
Stop-Clock System CPU and peripherals clocks stop but main | Reduced system Fast restart-no oscillator restart time 
clock oscillator continues to run at rated frequency | power 


System CPU clocks are slowed while peripheral 


All clocks and oscillators run at rated frequency Highest power Fastest response 


Continuous operation at low 
frequency 


Power dissipation 
slightly higher than 
Stop-Clock 
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stopped, until the oscillator signal amplitude reaches the X1 
Schmitt trigger input threshold voltage and 8192 cycles of 
the crystal oscillator output are counted by an internal 
counter. After this count is complete, the stopped outputs 
(CLK, CLK50, PCLK, and OSC) start cleanly with the proper 
phase relationships. 


Typically, any input signal which meets the START input 
timing requirements can be used to start the 82C85. In many 
cases, this would be the INT output from an 82C59A CMOS 
Priority Interrupt Controller (See Figure 1). This output, 
which is active high, can be connected to both the 82C85 
START pin and to the appropriate interrupt request input on 
the microprocessor. 


8086/88 


INTR 


B2C59A 


INT 


PAO PAI 
82C55A 


FIGURE 1. CMOS PERIPHERAL CONTROL OF 82C85 STOP, 
START AND SLOW/FAST OPERATIONS 


When the INT output becomes active, the oscillator/clock 
circuit on the 82C85 will restart. Upon completion of the 
appropriate restart sequence, the CLK signal to the CPU will 
become active. The CPU can then respond to the still 
pending interrupt request. 


If the 82C59A/82C85 restart combination is used in 
conjunction with an 82C55A STOP control, the 82C55A 
must be initialized prior to the 82C59A after reset. The 
82C59A interrupt output is driven high at reset, causing the 
82C85 to remain in the START mode regardless of the state 
of the S2/STOP input. This will avoid_stopping the 82C85 
due to negative transitions on the S2/STOP input which may 
occur during a mode change on the 82C55A or during the 
operation of any peripheral I/O device prior to initialization. 


Another method of insuring proper operation of the START 
function upon reset or system initialization is to bias the S2/ 
STOP input low with an external pull-down resistor. The S2/ 
STOP input will remain low until driven high by the 82C55A 
port pin or by external logic. This insures that the 82C85 
STOP command (HHH prior to LHH requirement on the 
Status inputs) will not be satisfied. To minimize power 
dissipation in this case (using a pulldown resistor), the S2/ 
STOP input should be normally LOW and pulsed HIGH to 
develop the necessary HHH-to-LHH STOP sequence. In this 
manner, the output driving the S2/STOP input will be 
normally LOW and will not be driving to the opposite state of 
the pull-down resistor. 


Fast Mode 


The most common operating mode for a system is the FAST 
mode. In this mode, the 82C85 operates at the maximum fre- 
quency determined by the main oscillator or EFI frequency. 


TABLE 2. TYPICAL SYSTEM POWER SUPPLY CURRENT FOR STATIC CMOS OPERATING MODES 


Cs 


[dT ast | ~—stow i storciock | sTonose 


[eecson | senna | _senoma | _10ma | _10ma 


52.5mA 


66.8MA 18.9mA 14.3mA 244,.7mA 


"12.0mA 12.0mA__ 


Ail measurements taken at room temperature, Voc = +5.0 Volts. Power supply current levels will be dependent upon system 


configuration and frequency of operation. 
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FAST mode operation is enabled by each of two conditions: 


e The SLO/FST input is HIGH and a START or reset 
command is issued 


e The SLO/FST input Is held HIGH for at least 6 
oscillator or EFI cycles. 


Alternate Operating Modes 


Using alternate modes of operation (slow, stop-clock, stop- 
oscillator) will reduce the average system operating power 
dissipation in a static CMOS system (See Table 2). This 
does not mean that system speed or throughput must be 
reduced. When used appropriately, the slow, stopclock, stop- 
oscillator modes can make your design more power efficient 
while maintaining maximum system performance. 


Stop-Oscillator Mode 


When the 82C85 is stopped while in the crystal mode (F/C 
LOW), the oscillator, in addition to all system clock signals 
(CLK, CLK50 and PCLK), are stopped. CLK and CLKS50 stop 
in the high state. PCLK stops in it’s current state (high or low). 


With the oscillator stopped, 82C85 power drops to it’s lowest 
level. All clocks and oscillators are stopped. All devices in 
the system which are driven by the 82C85 go into the lowest 
power standby mode. The 82C85 also goes into standby and 
requires a power supply current of less than 100 microamps. 


Stop-Clock Mode 


When the 82C85 is in the EFI mode (FIC HIGH) and a STOP 
command is issued, all system clock signals (CLK, CLK50, 
and PCLK) are stopped. CLK and CLKSO stop in the high 
state when FIC is low and may stop in either the high or low 
state when F/C is high. PCLK stops in its current State (high 
or low). 


The 82C85 can also provide it’s own EFI source simply by 
connecting the OSC output to the EFI input and pulling the 
F/C input HIGH. This puts the 82C85 into the External, 
Frequency Mode using it’s own oscillator as an external ° 
source signal (See Figure 2). In this configuration, when the 
82C85 is stopped in the EFI mode, the oscillator continues to 
run. Only the clocks to the CPU and peripherals (CLK, 
CLK50 and PCLK) are stopped. 


vec 


STOP 
CONTROL 


FIGURE 2. STOP-CLOCK MODE USING 82C85 IN EFI MODE 
WITH OSCILLATOR AS FREQUENCY SOURCE 


START 
CONTROL 


Oscillator/Clock Stop Operation 


Three control lines determine when the 82C85 clock outputs 
or oscillator will stop. These are SO, S1 and S2/STOP. These 
three lines are designed to connect directly to the MAXimum 
mode 80C86 and 80C88 status lines or to be driven by 
external I/O signals (such as an 82C55A output port). 


In the MAXimum mode configuration, the 82C85 will 
automatically recognize a software HALT command from the 
80C86 or 80C88 and stop the system clocks or oscillator. 
This allows complete software control of the STOP function. 


If the 80C86 or 80C88 is used in the MINimum mode, the 
82C85 can be controlled using the S2/STOP input (with SO 
and S1 held high). This can be done using an external I/O 
control line, such as from an 82C55A or by decoding the 
state of the 80C86 MINimum mode status signals. 


82C85 status inputs S2/STOP, $1, SO are sampled on the 
rising edge of CLK. The oscillator (F/C LOW only) and clock 
outputs are stopped by S2/STOP. S1, SO being in the LHH 
state on a low-to-high transition of CLK. This LHH state must 
follow a passive HHH state ocurring on the previous low-to- 
high CLK transition. CLK and CLK50 will stop in the logic 
HIGH state after two additional complete cycles of CLK. 
PCLK stops in it’s current state (HIGH or LOW). This is true 
for both SLOW and FAST mode operation. 


80C86/88 Maximum Mode Clock Control 


The 82C85 STOP function has been optimized for 80C86/ 
88 MAXimum mode operation. In this mode, the three 
82C85 status inputs (S2/STOP, S1, SO) are connected 
directly to the MAXimum mode status lines (S2, S1, SO) of 
the Harris 80C86 or 80C88 static CMOS microprocessors 
(See Figure 3). 


When in the MAXimum mode, the 80C86/88 status lines 
identify which type of bus cycle the CPU is starting to 
execute. 82C85 S2/STOP, S1 and SO control input logic will 
recognize a valid MAXimum mode software HALT executed 
by the 80C86 or 80C88. Once this state has been 
recognized, the 82C85 stops the clock (F/C HIGH) and 
oscillator (F/C LOW) operation. 


$2/STOP 


HARRIS 
80C86/88 


HARRIS 
82085 


FIGURE 3. 82C85 STOP CONTROL USING 80C86/88 MAXIMUM 
MODE STATUS LINES 
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The 82C85 S2/STOP, $1 and SO control lines were designed 
to detect a passive 111 state followed by a HALT 011 logic 
state before recognizing the HALT instruction and stopping 
the system clocks. In the MAXimum mode, the 80C86/88 
Status lines go into a passive (no bus cycle) logic 111 state 
prior to executing a HALT instruction. The qualification of a 
passive no bus cycle logic 111 state insures that random 
transitions of the status lines into a logic 011 state will not 
stop the system clock. This is necessary since the status 
lines of the 80C86/88 transition through an unknown state 
during T3 of the bus cycle. 


Once the HALT instruction is decoded by the 82C85, either 
the oscillator is stopped (STOP-OSCILLATOR mode F/C tied 
low ) or the external frequency source is gated off internally 
(STOP-CLOCK mode F/C_ HIGH). When the HALT 
instruction is decoded with F/C low, the CLK and CLKS0 will 
be stopped in a logic high state after 2 additional cycles of 
the clock. PCLK stops in it’s current state (high or low). This 
is true for both SLOW and FAST mode operation. The HALT 
instruction is detected in the same manner whether the 
82C85 is in the SLOW or FAST mode. 


independent Stop Control for Minimum Mode Operation 


When the 80C86 and 80C88_ microprocessors are 
configured in MINimum Mode (MN/MX pin tied high), their 
status lines SO, S1, and S2 assume alternate functions. The 
logic states and sequences (passive before a HALT) 
necessary for automatic HALT detect in the 82C85 do not 
occur as in the MAXimum mode. The 82C85 controller 
cannot use the microprocessor status lines to detect a 
software Halt instruction when operating in MINimum mode. 


However, the negative edge-activated S2/STOP pin provides 
a simple means for clock control in MINimum mode 80C86 
and 80C88 systems. S2/STOP can be used as an 
independent STOP control when S1 and SO are held in the 
logical HIGH state. Keeping the SO and S1 inputs at a logic 1 
level and transitioning S2/STOP from high to low will meet 
the passive 111 state prior to a 011 state requirement of the 
82C85. This feature allows 82C85 operation with the 80C86 
and 80C88 in the MINimum mode, provides compatibility 
with other static CMOS microprocessors and allows 
maximum flexibility in a system. 


With S2/STOP being used as a stand-alone STOP 
command line, system clocks can be controlled via an 
82C55A programmable peripheral interface or other similar 
interface circuits. This is accomplished by driving the S2/ 
STOP input with a PORT pin on the 82C55A (See Figure 1). 
The 82C55A port pin should be configured as an output and 
must present a logic HIGH to the S2/STOP input for at least 
one CLK cycle, followed by a LOW state. This will meet the 
82C85 status input requirement of 111 followed by a 011. 


When a logic 0 is written to a 82C55A port pin, the $2/ STOP 
pin is pulled low, stopping the system clocks (CLK, CLKS5O, 
PCLK). In essence, the 82C85 is software controlled via the 
82C55A. As with the SLO/FST interface, PORT C is a logical 
choice for this job since the individual bit set and reset 
commands available for this port make control of the $2/ 
STOP input simple. 


A START command issued to the 82C85 will override a 
STOP command and the 82C85 will begin normal operation. 
The low state of the negative-edge triggered S2/STOP input 
will not prohibit the clocks from restarting. After a START or 
RES command, the 82C85 must see a passive (111) state 
followed by a HALT (011) state to stop the system clocks. To 
accomplish this, the 82C55A port output must be brought 
high and then returned low again for the 82C85 to recognize 
the next STOP command. 


External Decode Adds Hait Control 


SSO, IO/M and DT/R can identify a MINimum mode 80C88 
HALT execution. During T2 of the system timing (while ALE 
is high), SSO, |O/M, and DT/R go into a 111 state when the 
80C88 is executing a_software HALT. These signals cannot 
be tied directly to the S2/STOP, S1 and SO inputs since they 
are not guaranteed to go into a passive state prior to their 
111 state. These signals can be decoded during the time 
ALE is high to indicate a software HALT execution. 


Slow Mode 


When continuous operation is critical but power consumption 
remains a concern, the 82C85 SLOW mode operation 
provides a lower frequency at the CLK and CLKS50 outputs 
(crystaV/EFI frequency divided by 768). The frequency of 
PCLK is unaffected. The SLOW mode allows the CPU and 
the system to operate at a reduced rate which, in turn, 
reduces system power. 


For example, the operating power for the 80C86 or 80C88 
CPU is 10 mA/MHz of clock frequency. When the SLOW 
mode is used in a typical SMHz system, CLK and CLK50 run 
at approximately 20kHz. At this reduced frequency, the 
average operating current of the CPU drops to 200 
microamps. Adding the 80C86/88 500 microamps standby 
current brings the total current to 700 microamps. 


While the CPU and peripherals run slower and the 82C85 
CLK and CLK50 outputs switch at a reduced frequency, the 
main 82C85 oscillator is still running at the maximum 
frequency (determined by the crystal or EFI input frequency.) 
Since CMOS power is directly related to operating 
frequency, 82C85 power supply current will typically be 
reduced by 15-20%. 


Clock Slow/Fast Operation 


The SLO/FST input determines whether the CLK and CLK50 
outputs run at full speed (crystal or EF! frequency divided by 
3) or at slow speed (crystal or EFI frequency divided by 768) 
(See Figure 4). When in the SLOW mode, 82C85 stop-clock 
and stop-oscillator functions operate in the same manner as 
in the FAST mode. 


Internal logic requires that the SLO/FST pin be held low for 
at least 195 oscillator or EFI clock pulses before the SLOW 
mode command is recognized. This requirement eliminates 
unwanted FAST-to-SLOW mode frequency changes which 
could be caused by glitches or noise spikes. 


To guarantee FAST mode recognition, the SLO/FST pin 
must be held high for at least 6 OSC or EFI pulses. The 
82C85 will begin FAST mode operation on the next PCLK 
edge after FAST command recognition. Proper CLK and 
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CLK 50 phase relationships are maintained and minimum 
pulse width specifications are met. 


FAST-to-SLOW or SLOW-to-FAST mode changes will occur 
on the next rising or falling edge of PCLK. It is important to 
remember that the transition time for operating freqeuncy 
changes, which are dependent upon PCLK, will vary with the 
82C85 oscillator or EFI frequency. 


Slow Mode Control 


The 82C55A programmable peripheral interface can be used 
to provide control of the SLO/FST pin by connecting a port 
pin of the 82C55A directly to the SLO/FST pin (See Figure 
1). With the port pin configured as an output, software 
control of the SLO/FST pin is provided by simply writing a 
logical one (FAST mode) or logical zero (SLOW Mode) to the 
corresponding port. PORT C is well-suited for this function 
due to it’s bit set and reset capabilities. Since PCLK 
continues to run at a frequency equal to the oscillator or EFI 
frequency divided by 6, it can be used by other devices in the 
system which need a fixed high frequency clock. For 
example, PCLK could be used to clock an 82C54 
programmable interval timer to produce a real-time clock for 
the system or as a baud rate generator to maintain serial 
data communications during SLOW mode operation. 


Oscillator 


The oscillator circuit of the 82C85 is designed primarily for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 
The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input 
connections. The output of the oscillator is buffered and 
available at the OSC output (pin 18) for generation of other 
system timing signals. 


For the most stable operation of the oscillator (OSC) output 
circuit, two capacitors (C1 = C2) are recommended. 
Capacitors C1 and C2 are chosen such that their combined 
Capacitance matches the load capacitance as specified by 
the crystal manufacturer. This insures operation within the 
frequency tolerance specified by the crystal manufacturer. 


The crystal/capacitor configuration and the formula used to 
determine the capacitor values are shown in Figure 5. Crys- 
tal Specifications are shown in Table 3. 


C1°C2 


ct = ——— 
C1i1+C2 


(Including stray capacitance) 


CRYSTAL 
24 - 25MHz 


7 82C85 


FIGURE 5. 82C85 CRYSTAL CONNECTION 


TABLE 3. CRYSTAL SPECIFICATIONS 


2.4 to 25MHz 
Parallel Resonent, Fund. Mode 


20 or 32pF 


35X (f = 25MHz, C, = 32pF) 
66X (f = 25MHz, C, = 20pF) 


RSERIES (Max) 


Frequency Source Selection 


The F/C input is a strapping pin that selects either the crystal 
oscillator or the EFI input as the source frequency for clock 
generation. If the EFI input is selected as the source, the 
oscillator section (OSC output) can be used independently 
for another clock source. If a crystal is not used, then crystal 
input X1 (pin 23) must be tied to Voc or GND and X2 (pin 22) 
should be left open. If the EFl mode is not used, then EFI 
(pin 20) should be tied to Vec or GND. 


OO OOOOOETETT( ccc 
OO Ne es 
ee TULL 


FIGURE 4. SLO/FST TIMING OVERVIEW 
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Clock Generator 


The clock generator consists of two synchronous divide-by- 
three counters with special clear inputs that inhibit the 
counting. One counter generates a 33% duty cycle 
waveform (CLK) and the other generates a 50% duty cycle 
waveform (CLK50). These two counters are negative-edge 
synchronized, with the low-going transitions of both 
waveforms occurring on the same oscillator transition. The 
CLK and CLKSO output frequencies are one-third of the base 
input frequency when SLO/FST is high and are equal to the 
base input frequency divided by 768 when SLO/FST is low. 


The CLK output is a 33% duty cycle clock signal designed to 
drive the 80C86 and 80C88 microprocessors directly. CLK50 
has a 50% duty cycle output synchronous with CLK, 
designed to drive coprocessors and peripherals requiring a 
50% duty cycle clock. When SLO/FST is high, CLK and 
CLK50 have output frequencies which are 1/3 that of EFI/ 
OSC. When SLO/FST is low, CLK and CLK50 have output 
frequencies which are OSC (EFI) divided by 768. 


PCLK is a peripheral clock signal with an output frequency 
equal to the oscillator or EFI frequency divided by 6. PCLK 
has a 50% duty cycle. PCLK is unaffected by SLO/FST. 
When the 82C85 is placed in the STOP mode, PCLK will 
remain in it’s current state (logic high or logic low) until a 
RESET or START command restarts the 82C85 clock 
circuitry. PCLK is negative-edge synchronized with CLK and 
CLKS50O. 


Clock Synchronization 


The clock synchronization (CSYNC) input allows the output 
clocks to be synchronized with an external event (such as 
another 82C85 or 82C84A clock signal). CSYNC going 
active causes all clocks (CLK, CLK50 and PCLK) to stop in 
the HIGH state. 


It is necessary to synchronize the CSYNC input to the EFI 
clock external to the 82C85. This is accomplished with two 
flip-flops when synchronizing two 82C85s and with three 
flip-flops when synchronizing an 82C85 to an 82C84A 
(See Figure 6). Multiple external flip-flops are necessary to 
minimize the occurence of metastable (or indeterminate) 
States. 


Ready Synchronization 


Two READY inputs (RDY1, RDY2) are provided to 
accommodate two system_busses. Each READY input_is 
qualified by (AEN1 and AEN2, respectively). The AEN 
signals validate their respective RDY signals. 


Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the RDY 
set up and hold times are met. Inactive-going edges of RDY 
in normally ready systems do not require synchronization 
but must satisfy RDY setup and hold as a matter of proper 
system design. 


The ASYNC input defines two modes of READY 
synchronization operation. When ASYNC is LOW, two 
stages of synchronization are provided for active READY 
input signals. Positive-going asynchronous READY inputs 
will first be synchronized to flip-flop one at the rising edge of 
CLK (requiring a setup time TRIVCH) and _ then 
synchronized to flip-flop two at the next falling edge of CLK, 
after which time the READY output will go HIGH. 


Negative-going asynchronous READY inputs will be 
synchronized directly to flip-flop two at the falling edge of 
CLK, after which time the READY output will go inactive. 
This mode of operation is intended for use by asynchronous 
(normally not ready) devices in the system which cannot be 
guaranteed by design to meet the required RDY setup timing 
(TR1VCL) on each bus cycle. 


When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY 
inputs are synchronized by flip-flop two on the fallng edge of 
CLK before they are presented to the processor. This mode 
is available for synchronous devices that can be guaranteed 
to meet the required RDY setup time. ASYNC can be 
changed on every bus cycle to select the appropriate mode 
of synchronization for each device in the system. 


CSYNC WITH 82C85(s) 


CLOCK 
SYNCHRONIZE 


EFI 


{TO OTHER 
82C85s) 


CSYNC 


82C84A 


FIGURE 6. 82C85 AND 82C84A CSYNC SYNCHRONIZATION 
METHODS 
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Specifications 82C85 


Absoiute Maximum Ratings Reliability Information 

Supply Voltage so eve de byw ete nn een edieee teeaeeewk« +8.0V Thermal Resistance Be Oc 

Input, Output or I/O Voltage ............. GND-0.5V to Vec+0.5V Ceramic DIP Package............. 53°C/W 18°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 61°C/W 11°C/W 

Junction Temperature... 2.2... . ee ec e ee eee ee ee +175°C — Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)................008- +300°C Ceramic DIP Package ........ cece eee e cece eee eeees 1.07W 

ESD Classification <22.i0¢2geussaase ees vars Sateauale Class 1 Ceramic LCC Package .......... cece cece eee eee eees 1.03W 
Gale Count cists va eee ee bio Mak Pam eeeed eee 500 Gates 


CAUTION Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This |s a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range..................26- +4.5V to+5.5V Operating Temperature Range 
C82C85 S556 bie ceaee nen we atee omnes bad 0°C to +70°C 
B26 ee ad exeteenor Sere eel asa wees -40°C to +85°C 
MS2C85 2 v's etree iced satin eae s Va -55°C to +125°C 


DC Electrical Specifications Voc = 5.0V 10%; Ty = 0°C to +70°C (C82C85); 
Ta = -40°C to +85°C (182C85); 
Ts = -55°C to +125°C (M82C85) 


UNITS TEST CONDITIONS 
V C82C85, I82C85 
M82C85 


loy = -5.0 mA (CLK, CLK50) 
lon = -1.0mA (X2) 
lon = -2.5mA (all other outputs) 


V lop = +2.5mMA (X2) 
lo, = +5.0mA (all other outputs) 


Vin = Veco or GND, except DIP 
Pins 11 - 15, 21, 23 


Vin = 3.0V; Pins 11 - 15, 21 


82C85 in HALT state with oscillator 
stopped 


mA Crystal Frequency = 15 MHz, outputs 
open, inputs = GND or Vcc 


mA Crystal Frequency = 25 MHz, outputs 
open, inputs = GND or Voc 
mA Crystal Outputs Open; SLO/FST = GND, 


i Freq = 15MHz | START = Voc, Other inputs - Viy = 
Voc or GND 
mA Crystal oc OG 
Freg = 25MHz 


NO Po 
Nm © 


o 
i 


Logical One Input Voltage 


Reset Input High Voltage 
Logical Zero Input Voltage — a 
Vr+- Reset Input Hysteresis 


Logical Zero Output Voltage 
-10 


Bus-hold High Leakage Current 


N 
foe) 


SN 
Oo 


bh 
oO 


ICCSLOW Slow Mode Operating Current 


NOTE: 1. For CSYNC, V,, = GND 


Capacitance T, = 25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
Input Capacitance FREQ = 1MHz, all measurements are referenced to device 
GND 
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AC Electrical Specifications Vo, = 5V +10%; T, = 0°C to+70°C (C82C85); Ty = -40°C to +85°C (I82C85); 
Ta = -55°C to +125°C (M82C85) 


LIMITS | 
SYMBOL PARAMETER | MIN | UNITS CONDITIONS 


TIMING REQUIREMENTS 


(1) TEHEL External Frequency HIGH Time 90%-90% Vin, Note 1, 
f = 25MHz 

(2)  TELEH External Frequency LOW Time 10%-10% Vin, Note 1, 
f = 25MHz 


(3) TELEL 
(4) TEFIDC 
5 Fx 

(6) TRIVCL 
(7) TRIVCH 
(8) TRIVCL 


EFI or Crystal Period 
External Frequency Input Duty Cycle 


Ww c= 


% f = 25MHz, Note 1 


~~ 


—_£ 


Crystal Frequency 

RDY1, RDY2 Active Setup to CLK _ 
RDY1, RDY2 Active Setup to CLK 
RDY1, RDY2 Inactive Setup to CLK ~ 
(9) TCLRIX RDY1, RDY2 Hold to CLK 

(10) TAYVCL ASYNC Setup to CLK 

(11) TCLAYX ASYNC Hold to CLK 

(12) TAIVRIV | AENT, AEN2 Setup to RDY1, RDY2 
(13) TCLA1X AEN1, AEN2 Hold to CLK 

(14) TYHEH CSYNC Setup to EFI 

(15) TEHYL CSYNC Hold to EFI 

(16)  TYHYL CSYNC Pulse Width 

(17) THHCL RES Setup to CLK 

(18) TSVCH SO, $1, S2/STOP Setup to CLK 

(19) TCHSV SO, $1, S2/STOP Hold to CLK 

(20) TRSVCH ES, START Setup to CLK 

(21) TSHSL RES (Low) or START (High) Pulse Width 
(22) TSFPC LO/FST Setup to PCLK 

(23) TSTART RES or START Valid to CLK Low 
(24) TSTOP STOP Command Valid to CLK High 


35 


2TELEL 


>}| > 
wll H 
<j| < 
| | zi| 2 
ro) | Ike) 
MN il 
at es 
ea a) 
=| 


Note 2 


TCLC 
TEHEL + 100 
2TELEL +2 


2TCHCH + 
TRSVCH 


b 


3TCHCH 
+ 34 


TCHCH = TCLCL 


TIMING RESPONSES 
(25) TCLCL 
(26) TCHCL 
(27) TCLCH 


CLK/CLKS50 Cycle Period 125 

CLK HIGH Time (1/3 TCLCL)+2 

CLK LOW Time (2/3 TCLCL)-15 
(28) TS5CHCL CLK50 HIGH Time (1/2 TCLCL)-7.5 
(29) T5CLCH CLK50 LOW Time (1/2 TCLCL)-7.5 
(30) TCHICH2 CLK/CLK50 Rise Time 
(31) TCL2CL1 CLK/CLK50 Fall Time 

(32) TPHPL PCLK HIGH Time 

(33) TPLPH PCLK LOW Time 

(34) TRYLCL Ready Inactive to CLK 


1.0V to 3.5V 
1.0V to 3.5V 


TCLCL-20 
TCLCL-20 
Note 4 
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AC Electrical Specifications Vo¢ = 5V +10%; T, = 0°C to+70°C (C82C85); Ty = -40°C to +85°C (182C85); 
T, = -55°C to +125°C (M82C85) (Continued) 


SYMBOL PARAMETER | MING | 


ae in| si: 
G5) _TrYROR | FesayAceociK | earacue | | m= [wes 
6)_Tout a a 
a 
co) TOP ee 


Lone] 
a a 
eee ae 
Peete i fe 
(99) TOST | StarMMoset Vand to CiockLow PL ms | Typ -Nows 
ed Ld 
a ae fore! 
2 
oe 


() _TOLOH 
[ay _Tast__[ReseToumuracaTine | verte | 
(@) _Teicsn [ciKLowwcuxcorowsew | _-__+t = 


NOTES: 
1. Slow and Fast Modes. 6. Input signals must switch between V;, max - 0.4 and Viy min + 
2. Setup and hold necessary only to guarantee recognition at next 0.4 volts 
clock. 7. Timing measurements made with EF! duty cycle = 50%. 
3. Applies only to T3, TW states. 8. Oscillator start up time depends on several factors including 
4. Applies only to T2 states. crystal frequency, crystal manufacturer, capacitive load, 
temperature, power supply voltage, etc. This parameter is given 
5. All timing delays are measured at 1.5 volts unless otherwise for information only. 
noted. 


9. Output signals switch between Vo, and Vo, unless otherwise 
specified. 
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Timing Waveforms 
WAVEFORMS FOR CLOCKS 


) nog —~—TELEH 
TEREC 


OSC Om—L Ny 


A 


CLK o> 


a 


-, 


-----5 
‘\ 
‘ AY 


i 
\ 
ow 
N 


CLKSO 0 


) 
~~ TSCHCL TSCLCH =4(29) 


TCLPH TCLPL (38) 


ceed Gal waren raha 


POLK Q cmeernnaerrenemmee, 


TPHPL +——— IPIPH ee 
119) (32) (33) 


iTEHYL (14) 


TYLEH 
CSYNC I—4"~5 (16) 
TYHYL 


4 


CLK & CLKSO 
3 OV 


10V 
(30) TCHICH2 TCL2CL1(31) 


NOTE: All Timing Mesurements are made at 1.5 Volts Unless Otherwise Noted. 


WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


CLK = , Neen «6 
TCLRIX 
(7) TRIVCH ée 
RDYI, 2 
(12)TAIVRIV 
KENTZ 


(11) TCLAYX 


READY 
(35) 
TRYHCH (34) TRYLCL 
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82C85 


Timing Waveforms (Continued) 
WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


OM ay 


ADYI 2 (9) 
(12) TAIVRIV TCLRIX 


CLK 


TAYYCL TCLAIX 13 
ine 9 


TCLAYX (11) 


(35) e 
HEADS TRYHCH (34) 


TRYLCL 


CLOCK STOP (F/C HIGH OR F/C LOW) 


EFI 


CLK 


TSTOP SEE NOTE 1 
I (24) 


CLKSO 


PCLK 


CMOS 
PERIPHERALS 


82/STOP SSSsy NWN NAX[nnunll ¢ MMM 


+ |+rasvc (20) 


NOTE: 1. When F/C is low, CLK and CLK50 stop high. When F/C is high, CLK and CLK50 may stop either high or low. 


RES 


START 


CLOCKS START (F/C HIGH) 
ec Wee Ue eee EEL Le Lear 


ee ge Na Nt a a 
rad 


: | 
Se OR PORN. SO 


t 
(23) TSTAAT 


1 | 
PCLK 


80 WLLL MLL LLL LLL LLL LLL 
S\ CLL LLL LLL LLL 


SU/STOP LLL LLL LLL LLL 


82C85 


Timing Waveforms (Continued) 


—| (21) ]—TsHsL 


CLOCK START (F/C LOW) 


START 
(39) 


TOST ——_—_—— 
' TTT 


OSCILLATOR 
STARTUP TIME 


eae aR, 2 OY A Oe a ee ae 


CLKSO 


PCLK 


NOTE: Start up count begins when the crystal oscillator reaches a suitable threshold level. 


RESET TIMING (CLK RUNNING WITH F/C LOW-OSC MODE) 
(CLK RUNNING-OR STOPPED WITH F/C HIGH EFI MODE) 


(21)TSHSL SSS 


ee i (17) a = 
THHCL TITHCL 
CLK | el NS TF Ne GF NT eT PT NT 
| (36) (36) 
| » [ici - TCLIL 
oats, x x 
RESET i ae ae ona. 


RESET TIMING (OSCILLATOR STOPPED, F/C LOW) 


RES 
(21)TSHSL 


/ 
CLK 
| (a a ee OSS ee SS 
(36) 
L hf 
Comme 
RESET 


OSCILLATOR 
STARTUP 
TIME Sere 


cal LLL 


NOTE: 1. CLK, CLK50, PCLK Remain in the High State until RES goes high and 8192 valid oscillator cycles have 


been registered by the 82C85 internal counter (TOST time period). After RES goes high and CLK, CLK50, 
PCLK become active, the RESET output will remain high for minimum of 16 CLK cycles (TRST) 
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Timing Waveforms (Continued) 


SLO/FST TIMING OVERVIEW 
EFI 
Ae TS UAGATAUAVAAAAUAGUTAREGUEAUEGUEGRAGAUAACAUAAU ACUTELY 
C 


NOTE: See Fast to Slow Clock Mode Transition for Detailed Timing 
See Slow to Fast Clock Mode Transition for Detailed Timing 


FAST TO SLOW CLOCK MODE TRANSITION 


197 TO 200 EFI 
}--— OR OSC CYCLES 


ee) | (22) 
6 EFI 
PULSES 


eee eee eee la tl oe ea 


"IF TSFPC is not met on one edge of PLCK. SLO/FST will be recognized on the next edge of PLCK. 
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Test Load Circuits 
PASSIVE LOAD DYNAMIC LOAD 
Vv Vv 
R 
FROM OUTPUT FROM OUTPUT 
UNDER TEST UNDER TEST 
CL CL 
a SEE NOTE 3 L SEE NOTE 3 
R=360 @ V = 2.25 for CLK and CLK5O outputs lo. = 5mA, |OH = -5mA for CLK and CLK50 outputs 
R=470 @ V = 2.87 for all other outputs (Except X2) lo = 5mMA, IOH = -2.5mA for all other outputs (Except X2) 
lo, = 2.5mA, IOH = -1.0mA for X2 output 
(DC Performance characteristic only) 
Vrrip = 1.4V 
NOTES: 1. C, = 100pF for CLK and CLK50 output 
2. C, = 50pF minimum for all other outputs 
3. C, = Includes probe and jig capacitance 
TCHCL, TCLCH LOAD CIRCUIT (USING X1, X2) TCHCL, TCLCH LOAD CIRCUIT (USING EFI) 


LOAD 
(SEE NOTE 1) 


TRIGGER 
PULSE 
GENERATOR 


LOAD 
(SEE NOTE 2) 


PULSE 
GENERATOR 
TRIGGER 


RDY2 osc 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
Vink + 0.4V Von 
1.5V 1.5V 
Vit + 0.4V Vou 
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Burn-In Circuits 


Ry 


Ro 


Re 


2 
o 
ee tstete dl toleod= tHe Let | 


Ro 


Ro 


Ro 


NOTES: 

Vcc = 5.5V +0.5V, GND = OV 
Vin = 4.5V +1 0% 

Vit = -0.2 to 0.4V 

Ry, = 100kQ, +5% 

Ro = 10kQ, +5% 

R3 = 47kQ, +5% 

Rg = 470kQ, +5% 

C1 = 0.01pF (minimum) 

FO = 100kHz +10% 


82C85 


MD82C85 CERAMIC DIP 


Vec 


Re 
Vec 


Re 
Ro 


Re 


5/6/26) 5/6/56) 8/8|/0|/8/8 
> 


MR82C85 CERAMIC LCC 
BOTTOM VIEW 


Vcc C2 


GND A GND NC Voc NC 


R2 Re 


rea rea rea ro ros roa Pas 
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Vec 


Ry 


Rg 


EACH INPUT 
NC - NO CONNECT 


Vcc 


1pF 


EACH 
BOARD 
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Metallization Topology 


DIE DIMENSIONS: 
107.9 x 122.0 x 19 + 1Imils 


METALLIZATION: 
Type: Si- AL 
Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
2.26x 10° A/cm? 
This device meets glassivation integrity test requirements per 
MIL-STD-883 Method 2021 and MIL-M-38510, Paragraph 
3.5.5.4. 


Metallization Mask Layout 
82C85 


AEN1 PCLK CSYNC vcc X1 X2 


ASYNC 


one 
wo —— 5 | 5 | ell 
RDYI Se 
mena || Pa en TG EFI 
= ——— | 
rare) i f | &[4 m 
eae a B/G 
‘S2"| f= | \ =) : 4 
Hise ji SE ay Bey SESE: ee 
READY PLS Se Bie ” BRECE 
Seq Same 1 
ree ti it! J: ' : : aa] 
RDY? ie nie ._ oy : 
=; Gs! hu ‘as i 
eae et | | ae 
AEN2 bot | an Bee OSC 
al =e [ 3 Lo RES 
psu: Ula ei]. Sanyal: 
CLK HAM, Seq) SAS2 
rt Sy ia 
al fea | 
GND 


RESET 


CLK50 START SLO/FST SO S1 S2/STOP 
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Features 


Full Eight Bit Bi-directional Bus Interface 
Industry Standard 8286 Compatible Pinout 
High Drive Capability 


Description 


The Harris 82C86H is a high performance CMOS Octal Trans- 
ceiver manufactured using a self-aligned silicon gate CMOS pro- 
cess (Scaled SAJI IV). The 82C86H provides a full eight-bit bi- 
directional bus interface in a 20 pin package. The Transmit (T) con- 


- BSIdeIOL........ cece cece cc cc ccecce 20mA__ trol_determines the data direction. The active low output enable 

: ; (OE) permits simple interface to the 80C86, 80C88 and other 

Pb SOOO seer cnn wig seiserninnis nen microprocessors. The 82C86H has gated inputs, eliminating the 

¢ Three-State Outputs need for pull-up/pull-down resistors and reducing overall system 
¢ Propagation Delay ................. 35ns Max. Opetaling power Olss\pation: 


e 


Gated Inputs 
- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors 


Single 5V Power Supply 
Low Power Operation .......... ICCSB = 10yA 


Operating Temperature Range 

= C82C8GH co cs ciie wet een eect 0°C to +70°C 
= IB2CBGH.. 1... eee -40°C to +85°C 
- M82C8GH.......... 0. cece -55°C to +125°C 


Pinouts 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


20 LEAD DIP 
TOP VIEW 


Copyright © Harris Corporation 1992 


Ordering Information 


[encase |" nance | same |e 
RANGE 
ee 
LCC “55°C to +125°C |MR82C86H-5/B fl 
saeoarsr7oven |__| 


PLCC 


Ceramic DIP 


20 LEAD PLCC AND LCC 


TOP VIEW TRUTH TABLE 


= Logic Zero 
= Input Mode 
OQ = Output Mode 
X  =Don't Care 
Hi-Z = High Impedance 


H =Logic One 
L 
| 


PIN NAMES 


ee 
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Functional Diagram 


Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input 
switching threshold. Additionally, if the driving signal 
becomes high impedance (“float” condition), it could create 
an indeterminate logic state at the inputs and cause a 
disruption in device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device is 
disabled (OE = logic one for the 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 


vcc 


STB 


INTERNAL 
DATA 


DATA IN 


FIGURE 1. 82C82/83H 


ground power supply pins by turning off the upper P-channel 
and lower N-channel (See Figures 1 and 2). No current flow 
from VCC to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 


D.C. input voltage levels can also cause an increase in ICC if 
these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input 
circuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this 
condition will occur only during the time the device is in the 
transparent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 104A during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 


Decoupling Capacitors 


The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C86H/87H data 
sheet is determined by 


| = CL (dv/dt) 


Assuming that all outputs change state at the same time and 
that dv/dt is constant; 


(VCC x 80%) 
tR/tF 


l=CL 


where tR = 20ns, VCC = 5.0V, CL = 300pF on each eight 
outputs. 


| = (8 x 300 x 10°!) x (5.0V x 0.8)/(20 x 10°9) 
= 480mA 


This current spike may cause a large negative voltage spike 
on VCC which could cause improper operation of the device. 
To filter out this noise, it is recommended that a 0.1pF 
ceramic disc capacitor be placed between VCC and GND at 
each device, with placement being as near to the device as 
possible. 


vcc 


OE 
INTERNAL 
DATA IN DATA 
vcc 
P 
N 


FIGURE 2. 82C86H/87H GATED INPUTS 
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Specifications 82C86H 


Absolute Maximum Ratings 


SuUDpIV. VONAGS « 6.n Sia ele eee Noh haa eRe eaeeuas +8.0V 
Input, Output or I/O Voltage ............. GND-0.5V to Voc +0.5V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0.0... eee cece eee +175°C 
Lead Temperature (Soldering 10s)...............0020. +300°C 
ESD Classification ... 2... 0... ccc cee eee eens Class 1 


Reliability Information 
Thermal Resistance Bia Xe 


Ceramic DIP Package............. 
Ceramic LCC Package 
Maximum Package Power Dissipation at +125°C 


Ceramic DIP Package ..........-. 2... eee eee eee 720mW 
Ceramic LCC Package ........... cee cece eens 664mW 
Gate Count nfcsn cite tewesa ied Gate eee nueeekee we 265 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range.................006- 


DC Electrical Specifications VCC = 5.0V+10%; Ty 


Logical One 


Input Voltage 


Logical One Output Voltage 


B Outputs 
A Outputs 
A or B Outputs 
Logical Zero Output Voltage 
B Outputs 
A Outputs 


Input Leakage Current 


eT Output Leakage Current 
ICCSB Standby Power Supply 
Current 
ICCOP Operating Power Supply 
Current 


NOTES: 


1. VIH is measured by applying a pulse of magnitude = ViHmin to 
one data input at a time and checking the corresponding device 
output for a valid logical “1” during valid input high time. Control 
pins (T, OE) are tested separately with all device data input pins 
at VCC -0.4 


Capacitance T, =+25°C 


Input Capacitance 


B Inputs 


A Inputs 


COZ CEG ia 8s Ges irises ice tae © Oe eran 0°C to +70°C 

B20 BBN ests stenoses dena ecuiwe nd wees -40°C to +85°C 

MB2COGI oo airs sacks bee oth oe ack ete iw ee eG a -55°C to +125°C 
0°C to +70°C (C82C 86H); 


-40°C to +85°C (iI82C86H); 
-55°C to +125°C (M82C86H) 


IOH = -8mA 
IOH = -4mA 
IOH = -100pA 
IOL = 20mMA 
IOL = 12mA 


VIN = GND or VCC DIP Pins 9, 11 


VO = GND or VCC, OE > VCC -0.5V 
DIP Pins 4 - 8, 12 - 19 


2. Typical |CCOP = 1mA/MHz of read/ cycle time. (Example: 1.0ps 
read/write cycle time = 1mA). 


Freq = 1MHz, all measurements are 
referenced to device GND 
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Specifications 82C86H 


AC Electrical Specifications vcc = 5.0v + 10%; = 0°C to +70°C (C82C86H); 
Freq = 1MHz u, = -40°C to +85°C (I82C86H); 
T, = -55°C to +125°C (M82C86H) 


NOTE 4 


82C86H | 82C86H-5 
MAX MAX TEST CONDITIONS 


PARAMETER 
(1) TIVOV Input to Output Delay 
Inverting 
Non-Inverting 


(2) TEHTV Transmit/Receive Hold Time S| 
(3) TTVEL Transmit/Receive Setup Time | 10 


(4) TEHOZ | Output Disable Time 
(5)  TELOV Output Enable Time 
(6) TR, TF Input Rise/Fall Times 


(7) TEHEL Minimum Output Enable High Time 
82C86H 
82C86H-5 


NOTES: 
1. All AC parameters tested as per test circuits and definitions in tim- 4. 82C86H is available in commercial and industrial temperature 
ing waveforms and test load circuits. Input rise and fall times are ranges only. 82C86H-5 is available in commercial, industrial and 
driven at 1ns/V. military temperature ranges. 


2. Input test signals must switch between VIL - 0.4V and VIH +0.4V. 


3. A system limitation only when changing direction. Not a mea- 
sured parameter. 


Timing Waveform 


TR, TF (6) 
2.0V 
INPUTS rape 
TEHEL (7) 
OE 
(4) 
TEHOZ 
VOH -0.1V 
OUTPUTS b i.e 
VOL +0.1V 
TEHTV (2) TTVEL (3) 
T 


All timing measurements are made at 1.5V unless otherwise noted. 
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Test Load Circuits 


A SIDE OUTPUTS 


2.36V 


1600 


TEST 


OUTPUT POINT 


100pF* au 


TIVOV 
LOAD CIRCUIT 


B SIDE OUTPUTS 
2.27V 


910 


TEST 


OUTPUT POINT 


300pF* it 


TIVOV 
LOAD CIRCUIT 


82C86H 


TELOV 
OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


1.5V 


1800 


TEST 


OUTPUT POINT 


300pF* ib 


TELOV 
OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


1.5V 


91 


TEST 


OUTPUT POINT 


100pF* al 


TELOV 
OUTPUT LOW ENABLE 
LOAD CIRCUIT 


1.5V 


$10 


TEST 


OUTPUT POINT 


300pF* it 


TELOV 
OUTPUT LOW ENABLE 
LOAD CIRCUIT 


“Includes jig and stray capacitance 
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2.36V 


160Q 


TEST 


OUTPUT POINT 


7 4 


TEHOZ 
OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 


2.27V 


912 


TEST 


OUTPUT POINT 


50pF* i 


TEHOZ 
OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 


w” 
mail 
x 
wo 
Qk 
6a 
r 
TT 
a. 
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Burn-in Circuits 


MD82C86H CERAMIC DIP 
vec 
F2 nN Ea 20] 7 
F2 —AW—{2- i A 
F2 vy 3 | 18 A 
F2 N 4 | A 
F2 vy 5 | 16] A 
F2 N 6 | 15 A vec 
F2 A 14) A ss 
F2 8 | 13] A 
mae EB ie R1 ; ° R3 
414 vec 
\/ 
MR82C86H CERAMIC LCC 
vcc C1 
F2 F2 F2 F3 
R5| R5 | RS R5 
eo FS % ne F3 
F2 RS st R5 F3 
Fo 5 ‘+ RS F3 
ro —AS 77 i F3 
Foo BS | = F3 


R4 R4 | RS | R5 


Fo \/ Fi F3 F3 


NOTES: 

VCC = 5.5V + 0.5V, GND = OV 
VIH = 4.5V + 10% 

VIL = -0.2V to 0.4V 

R1 = 47kQ + 5% 

R2 = 2.4kQ + 5% 

R3 = 1.5kQ + 5% 

R4 = 1kQ+ 5% 

R5 = 5kQ + 5% 

C1 = 0.01pF minimum 

FO = 100kHz + 10% 

F1 = F0/2, F2 = F1/2, F3 = F2/2 
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Metallization Topology 


DIE DIMENSIONS: 
138.6 x 155.5 x 19+ 1Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness:  akA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.47 x 10° A/cm? 


Metallization Mask Layout 
82C86H 
A2 Al AO VCC BO B1 
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Features 


Full Eight Bit Bi-directional Bus Interface 
Industry Standard 8287 Compatible Pinout 


High Drive Capability: 
> B SIGG1IO’ 2 60irsasccesesc ev dadese< 20mA 
eA SIDC IO‘ 6 cnc Wale aua wad tains awe 12mA 


Three-State Inverting Outputs 
Propagation Delay ................. 35ns Max. 


Gated Inputs: 
- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors 


Single 5V Power Supply 
Low Power Operation .......... ICCSB = 10nA 


Operating Temperature Range 

* CO2CE7H ai aied fos eu ti ees 0°C to +70°C 
» NE2CS8 7TH cee e es Fee tat eee et -40°C to +85°C 
- M82C87H.........0.eeeeees -55°C to +125°C 


Pinouts 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


20 LEAD DIP 
TOP VIEW 


Copyright © Harris Corporation 1992 


20 LEAD PLCC AND LCC 
TOP VIEW 


Description 


The Harris 82C87H is a high performance CMOS Octal Transceiver 
manufactured using a self-aligned silicon gate CMOS process 
(Scaled SAJI IV). The 82C87H provides a full eight-bit bi-directional 
bus interface in a 20 pin package. The Transmit (T) control deter- 


mines the data direction. The active low output enable (OE) permits 
simple interface to the 80C86, 80C88 and other microprocessors. 
The 82C87H has gated inputs, eliminating the need for pull-up/pull- 
down resistors and reducing overall system operating power dissi- 
pation. The 82C87H provides inverted data at the outputs. 


Ordering Information 


ease [S| oe oe 
RANGE 

an 
Tasoie 1260 [moacennee | 
TC __—«sseezarsrroena | 
aval 


Ceramic DIP 


LCC 
SMD # 


| 5962-87577022A 


TRUTH TABLE 


pT po tal BT 
pH Tet! [o. 
ar ee ee 
H = Logic One 

L. =Logic Zero 

| = Input Mode 

O = Output Mode 


X = Don't Care 
Hi-Z = High Impedance 


PIN NAMES 


[PIN [ DESCRIPTION 
[BE _ [reve tow Oupu Erabe 
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Functional Diagram 


Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
VCC and GND when the signal is at or near the input switch- 
ing threshold. Additionally, if the driving signal becomes high 
impedance (“float” condition), it could create an indetermi- 
nate logic state at the inputs and cause a disruption in 
device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device is 
disabled (OE = logic one for the 82C86H/87H). These gated 
inputs disconnect the input circuitry from the VCC and 


vcc vcc 
STB 
Pp 
DATA IN INTERNAL 
DATA 
N 


FIGURE 1. 82C82/83H 


ground power supply pins by turning off the upper P-channel 
and lower N-channel (See Figures 1 and 2). No current flow 
from VCC to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 


D.C. input voltage levels can also cause an increase in ICC if 
these input levels approach the minimum VIH or maximum 
VIL conditions. This is due to the operation of the input cir- 
cuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi- 
tion will occur only during the time the device is in the trans- 
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10uA during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 


Decoupling Capacitors 


The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C86H/87H data 
sheet is determined by 


| = CL (dv/dt) 


Assuming that all outputs change state at the same time and 
that dv/dt is constant; 


l=CL (VCC x 80%) 
tRAF 


where tR = 20ns, VCC = 5.0V, CL = 300pF on each eight 
outputs. 


| = (8 x 300 x 10°!) x (5.0V x 0.8)/(20 x 10°9) 
= 480mA 


This current spike may cause a large negative voltage spike 
on VCC which could cause improper operation of the device. 
To filter out this noise, it is recommended that a 0.1pF 
ceramic disc capacitor be placed between VCC and GND at 
each device, with placement being as near to the device as 
possible. 


vcc 
p 
OE 
p 
DATA IN a 
vcc 
N 
N 


FIGURE 2. 82C86H/87H GATED INPUTS 
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PERIPHERALS 


Specifications 82C87H 


Absolute Maximum Ratings Reliability Information 

Supply Volage «cs se 552d5 eva bees kwan ewes ewe es awe es +8.0V Thermal Resistance 8; Qc 

Input, Output or 1/O Voltage ............. GND-O0.5V to Vec+0.5V Ceramic DIP Package............. 70°C/W 15°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package 76°C/W 49°C/W 

Junction Temperature... 6... kee eee cee eee eens +175°C Sea cate oe ge , 

Lead Temperature (Soldering 10s).................... +300°C Maximum Package Power Dissipation at +125°C 

ESD Classification ..... occ cc ccccccccceccccccece. Class 1 Ceramic DIP Package ........... 2... cece eee eee 720mW 

Ceramic LCC Package ........... ce eee eens 664mW 

Gate Count s¢ 5.6 cicos sg beara Se ee eae ess 265 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................006- +4.5V to +5.5V Operating Temperature Range 
COI C87 Fiiitc waa i tice whanau Gace anaes 0°C to +70°C 
BZ CBI as) ceo shg Sad Gate ee eR aaa ewan wares -40°C to +85°C 
Me2C87 Hh tGerides bow sa rennae ae teks -55°C to +125°C 


DC Electrical Specifications VCC = 5.0V+ 10%; 
Ta = 0°C to +70°C (C82C87H); 
Ta = -40°C to +85°C (182C87H); 
Ta = -55°C to +125°C (M82C87H) 


SYMBOL PARAMETER | MINS | MAX UNITS TEST CONDITIONS 
VIH Logical One 2.0 V 
Input Voltage 2.2 


C82C87H, I82C87H, 
M82C87H (Note 1) 


Logical One Output Voltage 


B Outputs V IOH = -8mA 
A Outputs V IOH = -4mA 
A or B Outputs V IOH = -100pA 


Logical Zero Output Voltage 
lIOL = 20mA 
lIOL = 12mA 


Input Leakage Current 


Output Leakage Current — 


VIN = GND or VCC, DIP Pins 9, 11 


A VO = GND or VCC, OE 2 VCC -0.5V 
DIP Pins 1-8, 12-19 


| 100 | pA VIN = VCC or GND, VCC = 5.5V, Outputs Open 
rz mA/MHz_ | T, = +25°C, VCC = 5V, Typical (See Note 2) 
NOTES: 


1. VIH is measured by applying a pulse of magnitude = VIH min to 2. Typical ICCOP = 1mA/MHz of read/write cycle time. (Example: 
one data input at a time and checking the corresponding device 1.0pus, read/write cycle time = 1mA). 
output for _a valid logical “1” during valid input high time. Control 
pins (T, OE) are tested separately with all device data input pins 
at VCC -0.4V. 


ICCSB_ | Standby Power Supply Current 
ICCOP Operating Power Supply Current 


Capacitance T, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
CIN 


Input Capacitance 
18 pF 
14 pF 


4-308 


Freq = 1MHz, all measurements are 
referenced to device GND 


B Inputs 


A Inputs 


Specifications 82C87H 


AC Electrical Specifications VCC = 5.0V + 10%; 


Freq = 1MHz 
SYMBOL PARAMETER 


(1)  TIVOV Input to Output Delay 
Inverting 
Non-Inverting 


9 


(7) TEHEL Minimum Output Enable High Time 
82C87H 
82C87H-5 


NOTES: 


1. All AC parameters tested as per test circuits and definitions in tim- 
ing waveforms and test load circuits. Input rise and fall times are 
driven at 1ns/V. 


2. Input test signals must switch between VIL - 0.4V and VIH +0.4V. 


3. A system limitation only when changing direction. Not a mea- 
sured parameter. 


Ty = 0°C to +70°C (C82C87H); 
= -40°C to +85°C (182C87H); 
Ta = -55°C to +125°C (M82C87H) 


NOTE 4 
82C87H-5 
MAX TEST CONDITIONS 


Notes 1, 2 


4. 82C87H is available in commercial and industrial temperature 
ranges only. 82C87H-5 is available in commercial, industrial and 
military temperature ranges. 
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Timing Waveform 


TR, TF (6) 
INPUTS =p 
OE 
OUTPUTS 
T 


EE RD ii 
VOL +0.1V 


TEHEL (7) 


(4) 
TEHOZ 


TEHTV (2) 


TTVEL (3) 
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Test Load Circuits 


A SIDE OUTPUTS 
2.36V 


160Q 


TEST 


OUTPUT POINT 


100pF* a 


TIVOV 
LOAD CIRCUIT 


B SIDE OUTPUTS 
2.27V 


910 


TEST 


OUTPUT POINT 


300pF* t 


TIVOV 
LOAD CIRCUIT 


82C87H 


1.5V 


375Q 


TEST 


OUTPUT POINT 


100pF* a 


TELOV 
OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


1.5V 


180Q 


TEST 


OUTPUT POINT 


300pF* Z 


TELOV 
OUTPUT HIGH ENABLE 
LOAD CIRCUIT 


1.5V 


910 


TEST 


OUTPUT POINT 


100pF* aa 


TELOV 
OUTPUT LOW ENABLE 
LOAD CIRCUIT 


1.5V 


512 


TEST 


OUTPUT POINT 


300pF* T 


TELOV 
OUTPUT LOW ENABLE 
LOAD CIRCUIT 


* Includes jig and stray capacitance 
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2.36V 


160Q 


TEST 


OUTPUT POINT 


50pF* i 


TEHOZ 
OUTPUT LOW/HIGH DISABLE 
LOAD CIRCUIT 


2.27V 


912 


TEST 


OUTPUT POINT 


50pF* al 


TEHOZ 
OUTPUT LOW/JHIGH DISABLE 
LOAD CIRCUIT 


Burn-In Circuits 


NOTES: 


vi 
LS) 


Ti 
LS) 


v1 
Le) 


nT 
Le) 


n 
Le) 


n 
LS) 


be a | 
Le) 


Ti 
Ls) 


F2 


F2 


F2 


F2 


F2 


VCC = 5.5V + 0.5V, GND = 0V 


VIH = 4.5V + 10% 

VIL = -0.2V to 0.4V 

R1 = 47kQ+5% 

R2 = 2.4kQ + 5% 

R3 = 1.5kN + 5% 

R4 = 1kQ+ 5% 

R5 = 5kQ+ 5% 

C1 = 0.01pF minimum 
FO = 100kHz + 10% 


F1 = F0/2, F2 = F1/2, F3 = F2/2 
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R5 
R5 


R5 


R5 
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MD82C87H CERAMIC DIP 
vcc 
C1 
1 | 20] eee 
2) 19 A 
3 | 18] A 
4 A 
5 16] A 
G 15} A 
14) A 
[8 13] A 
Oo iz}————a  * 
4 vec 
MR82C87H CERAMIC LCC 
vec C1 
F2 F2 F2 F3 
RS} R5 / RS R5 
= R5 
4 
a R5 
$3 
z R5 
6 
= R5 
7 
- R5 
a 


R4 R4 | R5 | R5 


Fo \/ F1 F3 F3 
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PERIPHERALS 


82C87H 


Metallization Topology 


DIE DIMENSIONS: 

138.6 x 155.5 x 19+ {mils 
METALLIZATION: 

Type: Si - Al 

Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy (LCC has Gold Preform) 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.47 x 10° A/cm? 


Metallization Mask Layout 
82C87H 


A2 Al AO vcc 


A3 


A4 


A5 


AG 


i UT 
iy 


Hi — 
tb Tait 


A7 OE GND T 


4-312 


B2 


B3 


B4 


B5 


Go ferns 82C88 


February 1992 CMOS Bus Controller 
Features Description 
¢ Compatibie with Bipolar 8288 The Harris 82C88 is a high performance CMOS Bus 


Controller manufactured using a self-aligned silicon gate 


* Periormance Compatible with: CMOS process (Scaled SAJI IV). The 82C88 provides the 


~ B0CBE/B0CBB.....- 1... eee eee ee eee (5/8MHZ) control and command timing signals for 80C86, 80C88, 
- 80186/80188 .............. ee eee eee (6/BMHZ) 8086, 8088, 8089, 80186, and 80188 based systems. The 
=~ BOCGB0GS ois fii ae oh eee aie awe www eras ee (5/8MHz) high output drive capability of the 82C88 eliminates the need 
- 8089 for additional bus drivers. 

¢ Provides Advanced Commands for Multi-Master Static CMOS circuit design insures low operating power. The 
Busses Harris advanced SAJI process results in performance equal 

to or greater than existing equivalent products at a significant 
¢ Three-State Command Outputs power savings. 
¢ Bipolar Drive Capability 


Ordering Information 


TEMPERATURE 
RANGE ORDER CODE 


Plastic DIP 0°C to +70°C CP82C88 
-40°C to +85°C IP82C88 


Scaled SAJI IV CMOS Process 
Single 5V Power Supply 


Low Power Operation 


PIC CSB gota tree ener auceases 10A (Max) 
= IG COP cee nw estes een ee aes 1mMA/MHz (Max) 
PLCC 0°C to +70°C CS82C88 wo 
¢ Operating Temperature Ranges ape e =e = 
~ CB2CBB oo... eee ce ccc e cee ceeeeee 0°C to +70°C pee’ oo 
S NB2688 onc nies ometokead there bein -40°C to +85°C =| Ceramic DIP CD82C88 2 x 
§ WO2CB8 niin w cn s4.cetoreauee than -55°C to +125°C -40°C to +85°C ID82C88 ar 
55°C to +125°C | MD82C88/B i 
8406901RA 
| LCC 55°C to +125°C | MR82C88/B 
SMD# 84069012A 
Pinouts 
20 LEAD DIP 20 LEAD PLCC AND LCC 
TOP VIEW TOP VIEW 


$2 
MCE/PDEN 
DEN 


9g aN gp iD 2 Og eet 
bed bed bed bed bed 


| ite Oe tech UE shat chante alain | 
1 


CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper !.C Handling Procedures. File Number 2979 
Copyright © Harris Corporation 1992 4-313 


82C88 


Functional Diagram 
MRDC 
so STATUS MULTIBUS™™ 
s1 DECODER COMMAND AMES COMMAND 
S2 SIGNAL _[- 1ORe SIGNALS 
1 GENERATOR iowc 
AIOWC 
INTA 
CLK] SANTROL oT/R ADDRESS LATCH, 
CONTROL J AEN CONTROL SIGNAL DEN ___ | DATA TRANSCEIVER, 
INPUT CEN LOGIC a]_tene J] eenenaton F ae MCE/PDEN f AND INTERRUPT 
10B —> ALE CONTROL SIGNALS 
vcc GND TMMULTIBUS IS AN INTEL CORP. TRADEMARK 


Pin Description 


PIN 
SYMBOL oameee TYPE DESCRIPTION 


| 200 -«d| VCC: The +5V power supply pin. A 0.1F capacitor between pins 10 and 20 is recommended for decoupling. 


STATUS INPUT PINS: These pins are the input pins from the 80C86, 80C88,8086/88, 8089 processors. The 
82C88 decodes these inputs to generate command and control signals at the appropriate time. When Status 
pins are not in use (passive), command outputs are held HIGH (See Table1). 


CLOCK: This is a CMOS compatible input which receives a clock signal from the 82C84A or 82C85 clock gen- 
erator and serves to establish when command/control signals are generated. 


ADDRESS LATCH ENABLE: This signal serves to strobe an address into the address latches. This signal is 
active HIGH and latching occurs on the falling (HIGH to LOW) transition. ALE is intended for use with transpar- 
ent D type latches, such as the 82C82 and 82C83H. 


DATA ENABLE: This signal serves to enable data transceivers onto either the local or system data bus. This 


signal is active HIGH. 


DATA TRANSMIT/RECEIVE: This signal establishes the direction of data flow through the transceivers. A HIGH 
on this line indicates Transmit (write to 1/O or memory) and a LOW indicates Receive (read from /O or memory). 


ADDRESS ENABLE: AEN enables command outputs of the 82C88 Bus Controller a minimum of 110ns (250ns 
maximum) after it becomes active (LOW). AEN going inactive immediately three-states the command output 
drivers. AEN does not affect the /O command lines if the 82C88 is in the I/O Bus mode (IOB tied HIGH). 


COMMAND ENABLE. When this signal is LOW all 82C88 command outputs and the DEN and PDEN control 
outputs are forced to their Inactive state. When this signal is HIGH, these same outputs are enabled. 


INPUT/OUTPUT BUS MODE: When the IOB pin is strapped HIGH, the 82C88 functions in the /O Bus mode. | 
When it is strapped LOW, the 82C88 functions in the System Bus mode (See I/O Bus and System Bus sections). 


ADVANCED I/O WRITE COMMAND: The AIOWG issues an /O Write Command earlier in the machine cycle 
to give I/O devices an early indication of a write instruction. Its timing is the same as a read command signal. 
AIOWC is active LOW 


VO READ COMMAND: This command line instructs an I/O device to drive its data onto the data bus. This signal 
is active LOW. 


ADVANCED MEMORY WRITE COMMAND: The AMWC issues a memory write command earlier in the ma- 
chine cycle to give memory devices an early indication of a write instruction. Its timing is the same as a read 
command signal. AMWC is active LOW. 


MWTC MEMORY WRITE COMMAND: This command line instructs the memory to record the data present on the data 
bus. This signal is active LOW. 


MRDC MEMORY READ COMMAND: This command line instructs the memory to drive its data onto the data bus. 
MRDC is active LOW. 


INTERRUPT ACKNOWLEDGE: This command line tells an interrupting device that its interrupt has been ac- 
knowledged and that it should drive vectoring information onto the data bus. This signal is active LOW. 


This is a dual function pin. MCE (lIOB IS TIED LOW) Master Cascade Enable occurs during an interrupt se- 
quence and serves to read a Cascade Address from a master 82C59A Priority Interrupt Controller onto the data 
bus, The MCE signal is active HIGH. PDEN (IOB IS TIED HIGH): Peripheral Data Enable enables the data bus 
transceiver for the /O bus that DEN performs for the system bus. PDEN is active LOW. 


4-314 


82C88 


Functional Description 


The command logic decodes the three 80C86, 8086, 80C88, 
8088, 80186, 80188 or 8089 status lines (SO, S1, S2) to 
determine what command is to be issued (see Table 1). 


TABLE 1. COMMAND DECODE DEFINITION 


82C88 
PROCESSOR STATE COMMAND 


VO Bus Mode 


The 82C88 is in the I/O Bus mode if the IOB pin is strapped 
HIGH. In the I/O Bus mode, all I/O command lines IORC, 
lIOWC, AIOWC, INTA) are always enabled (i.e., not depen- 
dent on AEN). When an I/O command is initiated by the pro- 
cessor, the 82C88 immediately activates the command lines 
using PDEN and DT/R to control the 1/O bus transceiver. The 
I/O command lines should not be used to control the system 
bus in this configuration because no arbitration is present. 
This mode allows one 82C88 Bus Controller to handle two 
external busses. No waiting is involved when the CPU wants 
to gain access to the I/O bus. Normal memory access 
requires a “Bus Ready” signal (AEN LOW) before it will pro- 
ceed. It is advantageous to use the IOB mode if I/O or per- 
pherals dedicated to one processor exist in a multi- 
processor system. 


System Bus Mode 


The 82C88 is in the System Bus mode if the IOB pin is 
strapped LOW. In this mode, no command is issued until a 
specified time period after the AEN line is activated (LOW). 
This mode assumes bus arbitration logic will inform the bus 
controller (on the AEN line) when the bus is free for use. 
Both memory and I/O commands wait for bus arbitration. 
This mode is used when only one bus exists. Here, both I/O 
and memory are shared by more than one processor. 


Command Outputs 


The advanced write commands are made available to initiate 
write procedures early in the machine cycle. This signal can 
be used to prevent the processor from entering an unneces- 
sary wait state. 


INTA (Interrupt Acknowledge) acts as an I/O read during an 
interrupt cycle. Its purpose is to inform an interrupting device 
that its interrupt is being acknowledged and that it should 
place vectoring information onto the data bus. 


The command outputs are: 

MRDC - Memory Read Command 

MWTC - Memory Write Command 

IORC - I/O Read Command 

IOWG - 1/O Write Command 

AMWC - Advanced Memory Write Command 
AIOWG - Advanced I/O Write Command 
INTA - Interrupt Acknowledge 

Control Outputs 


The control outputs of the 82C88 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) and Master Cascade Enable/ 
Peripheral Data Enable (MCE/PDEN). The DEN signal 
determines when the external bus should be enabled onto 
the local bus and the DT/R determines the direction of data 
transfer. These two signals usually go to the chip select and 
direction pins of a transceiver. 


The MCE/PDEN pin changes function with the two modes of 
the 82C88. When the 82C88 is in the 1|OB mode (l1OB HIGH), 
the PDEN signal serves as a dedicated data enable signal 
for the I/O or Peripheral System bus. 


interrupt Acknowledge and MCE 


The MCE signal is used during an interrupt acknowledge 
cycle if the 82C88 is in the System Bus mode (IOB LOW). 
During any interrupt sequence, there are two interrupt 
acknowledge cycles that occur back to back. During the first 
interrupt cycle no data or address transfers take place. Logic 
should be provided to mask off MCE during this cycle. Just 
before the second cycle begins the MCE signal gates a mas- 
ter Priority Interrupt Controller's (PIC) cascade address onto 
the processor's local bus where ALE (Address Latch Enable) 
strobes it into the address latches. On the leading edge of 
the second interrupt cycle, the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is read by 
the processor. 


If the system contains only one PIC, the MCE signal is not 
used. In this case, the second Interrupt Acknowledge signal 
gates the interrupt vector onto the processor bus. 


Address Latch Enable and Halt 


Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
82C82/82C83H address latches. ALE also serves to strobe 
the status (SO, S1, S2) into a latch for halt state decoding. 


Command Enable 


The Command Enable (CEN) input acts as a command 
qualifier for the 82C88. If the CEN pin is high, the 82C88 
functions normally. If the CEN pin is pulled LOW, all com- 
mand lines are held in their inactive state (not 3-state). This 
feature can be used to implement memory partitioning and 
to eliminate address conflicts between system bus devices 
and resident bus devices. 
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Specifications 82C88 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage’. vines ih ed éctas £4 se eee wee bade eas +8.0V Thermal Resistance Ba 8c 

Input, Output or I/O Voltage ............ GND-0.5V to VCC+0.5V Ceramic DIP Package............. 77.8°CIW _18.9°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 76.0°C/W —-19.0°C/W 

Junction Temperature Bvie 6, ees BiB Miele. siuelsertey alle Guwuahslieserererdye: eysiieis +175°C Maximum Package Power Dissipation at +1 25°C 

Lead Temperature (Soldering 10s).............-+.--4- +300°C = Ceramic DIP Package ........... ccc cece cece ee eeee 646mW 

ESD Classification ..... 0.0... cc cee eee eee eee Class 1 Ceramic LCC Package ee fae eI batt Mate baat te Mt Pel da ec hoe 664mW 
Gale COUN s..c04a sce ews coe cera eee es eee 100 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range..................06- +4.5V to +5.5V Operating Temperature Range 
CBZ BB oc screccpsice Sha ea se oS wate ol he avers ead heat 0°C to +70°C 
B2C GG ceca nas ee aie ae peewee eS -40°C to +85°C 
ME2CES he ck tert Colada se Meese ee eas -55°C to +125°C 


DC Electrical Specifications VCC = 5.0V + 10%; 


Ty = 0°C to +70°C (C82C88); 
T = -40°C to +85°C (182C88); 
= -55°C to +125°C (M82C88) 


[erwsoc | _ranaweres [ww [ wax [uNms | TESTCONDMONS 


ee eae 
2.2 M82C88 
a 


<< 


VCC -0.8 


Output High Voltage IOH = -8.0mA 
Command Outputs Wee ot 4 IOH = -2.5mA 
Output High Voltage 3.0 IOH = -4.0mA 
| Control Outputs VCC -0.4 IOH = -2.5mA 


fOL= +12.0mA 


fo) 


IOL = +8.0MA 


Output Low Voltage 
Control Outputs 
Input Leakage Current 


IBHH Input Leakage Current-Status Bus 


= Output Leakage Current 


ICCSB Standby Power Supply 
ICCOP Operating Power Supply Current 


NOTES: 


1. IBHH should be measured after raising the VIN on SO, S1, S2 to 
VCC and then lowering to valid input high level of 2.0V. 


VIN = GND or VCC, except SO. 
DIP Pins 1-2, 6, 15 


VIN = 2.0V, SO, S1, S2 (See Note 1) 


A VO = GND or VCC, IOB = GND, AEN = VCC, 
DIP Pins 7-9, 11-14 


VCC = 5.5V, VIN = VCC or GND, Outputs Open 
VCC = 5.5V, Outputs Open (See Note 2) 


2. ICCOP = 1mA/MHz of CLK cycle time (TCLCL) 


Output Low Voltage 
Command Outputs 


2 


—s 


mA/MHz 


do ak 
oO 2 ¢ a 


Oo 


ten sibel Ta = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
| Nn Input Capacitance [0 [FF FREQ = 1MHzZ, all measurements are 
f to devi ND 
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Specifications 82C88 


AC Electrical Specifications VCC = 5.0V+ 10%; 
Ta = 0°C to +70°C (C82C88); 
Ta = -40°C to +85°C (182088); 
Ty = -55°C to +125°C (M82C88) 
SYMBOL PARAMETER | MIN | MAX — | UNITS | TEST CONDITIONS 


TIMING REQUIREMENTS 

(1) TCLCL CLK Cycle Period 
(2) TCLCH CLK Low Time 
(3) TCHCL CLK High Time 
(4) TSVCH 


Status Active Setup Time 


(5) TCHSV Status Inactive Hold Time 

(6) TSHCL Status Inactive Setup Time 

(7) TCLSH Status Active Hold Time 

TIMING RESPONSES 

(@_TovNy 
(@)_TOWNX 
(2) TSVLA 
(1) TAELCH 
@o)_TAENGZ 
gi) TAELCV 


(2) TAEVNV 


TREN DEN 
a) _TOEVNV 
NOTES: 


1. TAELCH measurement is between 1.5V and 2.5V. 


INPUT OUTPUT 
VIH +0.4V VOH 
1.5V 1.5V 
VIL -0.4V VOL 


A.C. Testing: . All input signals (other than CLK) must switch 
between VIL -0.4V and VIH +0.4. CLK must switch 
between 0.4V and VCC -0.4V. input rise and fall times 
are driven at 1ns/V. 


TCLCH -10 


125 


40 


TCLML +10 


2. TAEHCZ measured at 0.5V change in VOUT. 


A.C. Test Circuit 


< 
a 


OUTPUT FROM 
* Includes Stray and Jig DEVICE TEST 


am 


C1* 


<b 


TEST CONDITION DEFINITION TABLE 


[testconpmon | vi_[ mi ci 
+ | atv | 00] e0eF — 
a 
A 
a a 
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Timing Waveforms Note 3) 


STATE 


CLK 


$2. 54. 5p 


ADORESS/DATA 


(READ) 
DEN (INTA) 


SHEN (READ) 
PDEN (INTA) 


DEN (WRITE) 


POEN (WRITE) 


OT/R (READ) 
(INTA) 


MCE 


NOTES: 


1. Address/Data Bus is shown only for reference purposes. 
2. Leading edge of ALE and MCE is determined by the falling edge 


aoe, 


TCHSV 


8) 


= - 1cvNnx (9) 


TCHOTH _ =|( 18) 


/ 
@ 
A 
TCLMCH—> 


_ C 
(11) “(13 H 


| 


TcHOTL (17) 


Siecsiaied 
(18) 'CHOTH ~ + 


- TCVNX (9) 


3. All timing measurements are made at 1.5V unless otherwise 
specified. 


of CLK or status going active. Whichever occurs last. 
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Timing Waveforms (Continued) (Note 3) 


DEN, PDEN QUALIFICATION TIMING 


CEN 
TAEVNV (22) 
TCEVNV (23) 
PDEN 


ADDRESS ENABLE (AEN) TIMING (THREE-STATE ENABLE/DISABLE) 


TAELCV 
— (21) 
AEN 1.5V 1.5V 


ete) 


i?) 

COMMAND ma 
< 

TCELRH a 

(24) a 

CEN f i 

0. 


TCELRH (24) 


NOTE: CEN must be low or invalid prior to T2 to prevent the command from being generated. 


NOTES: 
1. Address/Data Bus is shown only for reference purposes. 3. All timing measurements are made at 1.5V unless otherwise 
2. Leading edge of ALE and MCE is determined by the falling edge specified. 


of CLK or status going active. Whichever occurs last. 
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Burn-In Circuit 


NOTES: 


1. VCC = 5.5V + 0.5V 
GND = 0V 


2. VIH = 4.5V + 10% 
VIL = -0.2V to +0.4V 


3. Component Values: 
R1 = 47kQ, 1/4W, 5% 
R2 = 1.5kQ, 1/4W, 5% 
R3 = 10kQ, 1/4W, 5% 
R4 = 1.2kQ, 1/4W, 5% 
C1 = 0.01pF (Min) 

FO = 100kHz + 10% 
F1 = F0/2 


F2 =F1/2...F7 = F6/2 


82C88 


MD82C88 CERAMIC DIP 
31 
7—MA—{r a] 
FO 2 | 19] 
32 
F3 3 | 18, 
A 4 | 17, 
——{5 re] 
FS 6 | 15, 
A 7 14 
A 8 | 13) 
A 9 | 12] 
vec —| 10 14] 
C1 
MR82C88 CERAMIC LCC 
F3 FO F7 VCC F4 
r4 {Ri [Rt R4 
R4 
VCC/ 2 
VCC/2 v 
FS 4 
R4 
vcc/2 
R4 
vcc/2 
TO! 40! 44! Tot 438 
ra [Ra [RA 
C1 
vec — 
vec/2\/__s vec/2 
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Metallization Topology 


DIE DIMENSIONS: 
103.5 x 116.5 x 19 + 1mils 


METALLIZATION: 

Type: Si - Al 

Thickness: 11kA + 2kA 
GLASSIVATION: 

Type: Nitrox 

Thickness: 10kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.9 x 10° A/cm? 


Metallization Mask Layout 


DT/R 


AEN 


MRDC 


82C88 


82C88 
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CMOS Bus Arbiter 


tt 


February 1992 


Features 
Pin Compatible with Bipolar 8289 


Performance Compatible with: 
= BOC8G/B0CBB... 1... Lee eww wee (5/8MHz) 


Provides Multi-Master System Bus Control and 
Arbitration 


Provides Simple Interface with 82C88/8288 Bus 
Controller 


Synchronizes 80C86/8086, 80C88/8088 Processors 
with Multi-Master Bus 


Bipolar Drive Capability 


¢ Four Operating Modes for Flexible System Configura- 
tion 


¢ Low Power Operation 


i CCS eins abe sae Wie area ca atate eetect alate 10yA (Max) 
ACCOR chica drew ee hace tales 1mA/MHz (Max) 
¢ Operating Temperature Ranges 
CB 2C88 6 ao cineca wma cama ts 0°C to +70°C 
a |: )/4 81. |: aan ara Ea a -40°C to +85°C 
MB 2088 oc rec seca hain weeks es -55°C to +125°C 
Pinouts 
20 LEAD DIP 
TOP VIEW 


Description 


The Harris 82C89 Bus Aribiter is manufactured using a self- 
aligned silicon gate CMOS process (Scaled SAJI IV). This 
circuit, along with the 82C88 bus controller, provides full bus 
arbitration and control for multi-processor systems. The 
82C8¢9 is typically used in medium to large 80C86 or 80C88 
systems where access to the bus by several processors 
must be coordinated. The 82C89 also provides high output 
current and capacitive drive to eliminate the need for addi- 
tional bus buffering. 


Static CMOS circuit design insures low operating power. The 
advanced Harris SAJI CMOS process results in perfor- 
mance equal to or greater than existing equivalent products 
at a significant power savings. 


Ordering Information 


/_excace | "nance | onoen cooe_ 
RANGE ORDER CODE 
-55°C to +125°C 


5962-85528012A 


Ceramic DIP 


LCC -55°C to +125°C 


20 LEAD PLCC AND LCC 
TOP VIEW 


Al 
43 
7 
34 
7 
Si 
71 
fa 
3 | 
Be: 


Perey Pe Pea Pes 


gt tyo! tq! ia! 43! 
E a 2 E = 


an 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Functional Diagram 


82C89 


ARBITRATION 


™ 


| COMMAND 
INTERFACE 
80C86/ = | =f STATUS SIGNALS 
80C88 S41 
Papen So |. DECODER 


CONTROL/ CROLCK 
STRAPPING RESB 


OPTIONS ANYRQST 
1OB 


Pin Description 


PIN 
SYMBOL TYPE 


CONTROL LOCAL 


BUS 
ee ig Be SYSTEM 
SIGNALS 


+5V GND 
MULTIBUS" Is AN INTEL CORP. TRADEMARK 


DESCRIPTION 


VCC: The +5V Power supply pin. A 0.1p.F capacitor between pins 10 and 20 is recommened for 
Becouplng: 


GROUND. 


STATUS INPUT PINS: The status input pins from an 80C86, 80C88 or 8089 processor. The 
82C89 decodes these pins to initiate bus request and surrender actions. (See Table 1). 


CLOCK: From the 82C84A or 82C85 clock chip and serves to establish when bus arbiter actions 
are initiated. 


LOCK: A processor generated signal which when activated (low) prevents the arbiter from sur- 
rendering the multi-master system bus to any other bus arbiter, regardless of its priority. 


COMMON REQUEST LOCK: An active low signal which prevents the arbiter from surrendering 


the multi-master system bus to any other bus arbiter requesting the bus through the CBRQ input 


RESIDENT BUS: A strapping option to configure the arbiter to operate in systems having both a 
multi-master system bus and a Resident Bus. Strapped high, the multi-master system bus is re- 
quested or surrendered as a function of the SYSB/RESB input pin. Strapped low, the SYSB/ 
RESB input is ignored. 


ANY REQUEST: A strapping option which permits the multi-master system bus to be surren- 
dered to a lower priority arbiter as if it were an arbiter of higher priority (i.e., when a lower priority 
arbiter requests the use of the multi-master system bus, the bus is surrendered as soon as it is 
possible). When ANYRQST is strapped low, the bus is surrendered according to Table A in De- 
sign Information. If ANYRQST is strapped high and CBRQ is activated, the bus is surrendered 
at the end of the present bus cycle. Strapping CBRQ low and ANYRQST high forces the 82C89 
arbiter to surrender the multi-master system bus after each transfer cycle. Note that when sur- 
render occurs BREQ is driven false (high). 
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Pin Description (Continued) 


PIN 
SYMBOL = TYPE DESCRIPTION 


lO BUS: A strapping option which configures the 82C89 Arbiter to operate in systems having both 
an lO Bus (Peripheral Bus) and a multi-master system bus. The arbiter requests and surrenders 
the use of the multi-master system bus as a function of the status line, S2. The multi-master sys- 
tem bus is permitted to be surrendered while the processor is performing |O commands and is 
requested whenever the processor performs a memory command.I|nterrupt cycles are assumed 
as coming from the peripheral bus and are treated as an IO command. 


ADDRESS ENABLE: The output of the 82C89 Arbiter to the processor’s address latches, to the | 
82C88 Bus Controller and 82C84A or 82C85 Clock Generator. AEN serves to instruct the Bus 
Controller and address latches when to three-state their output drivers. 


INITIALIZE: An active low multi-master system bus input signal used to reset all the bus arbiters 
on the multi-master system bus. After initialization, no arbiters have the use of the multi-master 
system bus. 


. ae 


SYSTEM BUS/RESIDENT BUS: An input signal when the arbiter is configured in the SystenV 
Resident Mode (RESB is strapped high) which determines when the multi-master system bus is 
requested and multi-master system bus surrendering is permitted. The signal is intended to orig- 
inate from a form of address-mapping circuitry, such as a decoder or PROM attached to the res- 
ident address bus. Signal transitions and glitches are permitted on this pin from 61 of T4 to 61 of 
T2 of the processor cycle. During the period from 81 of T2 to 61 of T4, only clean transitions are 
permitted on this pin (no glitches). If a glitch occurs, the arbiter may capture or miss it, and the 
multi-master system bus may be requested or surrendered,depending upon the state of the glitch. 
The arbiter requests the multi-master system bus in the System/Resident Mode when the state 
of the SYSB/RESB pin is high and permits the bus to be surrendered when this pin is low. 


COMMON BUS REQUEST: An input signal which instructs the arbiter if there are any other arbi- 
ters of lower priority requesting the use of the multi-master system bus. 


The CBRQ pins (open-drain output) of all the 82C89 Bus Arbiters which surrender to the multi- 
master system bus upon request are connected together. 


The Bus Arbiter running the current transfer cycle will not itself pull the CBRQ line low. Any other 
arbiter connected to the CDRQ line can request the milti-master system bus. The arbiter presently 
running the current transfer cycle drops its BREQ signal and surrenders the bus whenever the 
proper surrender conditions exist. Strapping CBRQ low and ANYRQST high allows the multi- 


SYSB/ 
RESB 
CBRQ ie) 

master system bus to be surrendered after each transfer cycle. See the pin definition of 
ANYRQST. 


BCLK BUS CLOCK: The multi-master system bus clock to which all multi-master system bus interface 
signals are synchronized. 


BUS REQUEST: An active low output signal in the Parallel Priority Resolving Scheme which the 
arbiter activates to request the use of the multi-master system bus. 


BUS PRIORITY IN: The active iow signal returned to the arbiter to instruct it that it may acquire 
the multi-master system bus on the next falling edge of BCLK. BPRN active indicates to the arbiter 
that it is the highest priority requesting arbiter presently on the bus. The loss of BPRN instructs 
the arbiter that it has lost priority to a higher priority arbiter. 


BUS PRIORITY OUT: An active low output signal used in the serial priority resolving scheme 


where BPRO is daisy-chained to BPRN of the next lower priority arbiter. 


BUSY: An active low open-drain multi-master system bus interface signal used to instruct ail the 
arbiters on the bus when the multi-master system bus is available. When the multi-master system 
bus is available the highest requesting arbiter (determined by BPRN) seizes the bus and pulls 
BUSY low to keep other arbiters off of the bus. When the arbiter is done with the bus, it releases 
the BUSY signal, permitting it to go high and thereby allowing another arbiter to acquire the multi- 
master system bus. 
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Functional Description 


The 82C89 Bus Arbiter operates in conjunction with the 
82C88 Bus Controller to interface 80C86, 80C88 processors 
to a multi-master system bus (both the 80C86 and 80C88 
are configured in their max mode). The processor is 
unaware of the arbiter’s existence and issues commands as 
though it has exclusive use of the system bus. If the proces- 
sor does not have the use of the multi-master system bus, 
the arbiter prevents the Bus Controller (82C88), the data 
transceivers and the address latches from accessing the 
system bus (e.g. all bus driver outputs are forced into the 
high impedance state). Since the command sequence was 
not issued by the 82C88, the system bus will appear as “Not 
Ready” and the processor will enter wait states. The proces- 
sor will remain in Wait until the Bus Arbiter acquires the use 
of the multi-master system bus whereupon the arbiter will 
allow the bus controller, the data transceivers, and the 
address latches to access the system. Typically, once the 
command has been issued and a data transfer has taken 
place, a transfer acknowledge (XACK) is returned to the pro- 
cessor to indicate “READY” from the accessed slave device. 
The processor then completes its transfer cycle. Thus the 
arbiter serves to multiplex a processor (or bus master) onto 
a multi-master system bus and avoid contention problems 
between bus masters. 


Arbitration Between Bus Masters 


In general, higher priority masters obtain the bus when a 
lower priority master completes its present transfer cycle. 
Lower priority bus masters obtain the bus when a higher pri- 
ority master is not accessing the system bus. A strapping 
option (ANYRQST) is provided to allow the arbiter to surren- 
der the bus to a lower priority master as though it were a 
master of higher priority. If there are no other bus masters 
requesting the bus, the arbiter maintains the bus so long as 
its processor has not entered the HALT State. The arbiter will 
not voluntarily surrender the system bus and has to be forced 
off by another master’s bus request, the HALT State being 
the only exception. Additional strapping options permit other 
modes of operation wherein the multi-master system bus is 
surrendered or requested under different sets of conditions. 


Priority Resolving Techniques 


Since there can be many bus masters on a multi-master sys- 
tem bus, some means of resolving priority between bus 
masters simultaneously requesting the bus must be pro- 
vided. The 82C89 Bus Arbiter provides several resolving 
techniques. Ail the techniques are based on a priority con- 
cept that at a given time one bus master will have priority 
above all the rest. There are provisions for using parallel pri- 
ority resolving techniques, serial priority resolving tech- 
niques, and rotating priority techniques. 


Parallel Priority Resolving 


The parallel priority resolving technique uses a separate bus 
request line BREQ for each arbiter on the multi-master sys- 
tem bus, see Figure 1. Each BREQ line enters into a priority 
encoder which generates the binary address of the highest 
priority BREQ line which is active. The binary address is 
decoded by a decoder to select the corresponding BPRN 


(Bus Priority In) line to be returned to the highest priority 
requesting arbiter. The arbiter receiving priority (BPRN true) 
then allows its associated bus master onto the multi-master 
system bus as soon as it becomes available (i.e., the bus is 
no longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it must 
wait until the present bus transaction is complete. Upon 
completing its transaction the present bus occupant recog- 
nizes that it no longer has priority and surrenders the bus by 
releasing BUSY. BUSY is an active low “OR” tied signal line 
which goes to every bus arbiter on the system bus. When 
BUSY goes inactive (high), the arbiter which presently has 
bus priority (BPRN true) then seizes the bus and pulls BUSY 
low to keep other arbiters off of the bus. See waveform tim- 
ing diagram, Figure 2. Note that all multimaster system bus 
transactions are synchronized to the bus clock (BCLK). This 
allows the parallel priority resolving circuitry or any other pri- 
ority resolving scheme employed to settle. 


74H 148 
PRIORITY 
ENCODER 


74HC138 
3108 
DECODER 


NOTES: 
1. Higher priority bus arbiter requests the Multi-Master system bus. 
2. Attains priority. 
3. Lower priority bus arbiter releases BUSY. 
4. Higher priority bus arbiter then acquires the bus and pulls BUSY 
down. 


FIGURE 2. HIGHER PRIORITY ARBITER OBTAINING THE BUS 
FROM A LOWER PRIORITY ARBITER 


Serial Priority Resolving 


The serial priority resolving technique eliminates the need 
for the priority encoder-decoder arrangement by daisychain- 
ing the bus arbiters together, connecting the higher priority 
bus arbiter’s BPRO (Bus Priority Out) output to the BPRN of 
the next lower priority. See Figure 3. 
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CBRO ¢ 


NOTE: The number of arbiters that may be daisy-chained together 
in the serial priority resolving scheme is a function of BCLK and the 
propagation delay from arbiter to arbiter. Normally, at 10MHz only 3 
arbiters may be daisychained. 


FIGURE 3. SERIAL PRIORITY RESOLVING 


Rotating Priority Resolving 


The rotating priority resolving technique is similar to that of 
the parallel priority resolving technique except that priority is 
dynamically re-assigned. The priority encoder is replaced by 
a more complex circuit which rotates priority between 
requesting arbiters thus allowing each arbiter an equal 
chance to use the multi-master system bus, over time. 


Which Priority Resolving Technique To Use 


There are advantages and disadvantages for each of the 
techniques described above. The rotating priority resolving 


vcc 


READY 
CLK 


80C86 
CPU 


0 
AQO-ADIS $} 
AIB-AIS §2 


PROCESSOR 
LOCAL BUS 


lm 


OISABLE 


technique requires substantial external logic to implement 
while the serial technique uses no external logic but can 
accommodate only a limited number of bus arbiters before 
the daisy-chain propagation delay exceeds the multimaster’s 
system bus clock (BCLK). The parallel priority resolving tech- 
nique is in general a good compromise between the other 
two techniques. It allows for many arbiters to be present on 
the bus while not requiring too much logic to implement. 


82C89 Modes Of Operation 


There are two types of processors for which the 82C89 will 
provide support: An Input/Output processor (i.e. an NMOS 
8089 IOP) and the 80C86, 80C88. Consequently, there are 
two basic operating modes in the 82C89 bus arbiter. One, 
the IOB (I/O Peripheral Bus) mode, permits the processor 
access to both an I/O Peripheral Bus and a multi-master sys- 
tem bus. The second, the RESB (Resident Bus mode), per- 
mits the processor to communicate over both a Resident 
Bus and a multi-master system bus. An I/O Peripheral Bus is 
a bus where all devices on that bus, including memory, are 
treated as I/O devices and are addressed by I/O commands. 
All memory commands are directed to another bus, the 
multi-master system bus. A Resident Bus can issue both 
memory and I/O commands, but it is a distinct and separate 
bus from the multi-master system bus. The distinction is that 
the Resident Bus has only one master, providing full avail- 
ability and being dedicated to that one master. 


The IOB strapping option configures the 82C89 Bus Arbiter 
into the IOB mode and the strapping option RESB config- 
ures it into the RESB mode. It might be noted at this point 
that if both strapping options are strapped false, the arbiter 
interfaces the processor to a multi-master system bus only 
(see Figure 4). With both options strapped true, the arbiter 
interfaces the processor to a multi-master system bus, a 
Resident Bus, and an I/O Bus. 


XACK MULTI-MASTER 
SYSTEM BUS 


MULTI-MASTER 
CONTROL BUS 


MULTI-MASTER SYSTEM 

COMMAND BUS 
MULTI-MASTER 
SYSTEM BUS 


MULTI-MASTER SYSTEM 
ADORESS BUS 


MULTI-MASTER SYSTEM 
DATA BUS 


FIGURE 4. TYPICAL MEDIUM COMPLEXITY CPU SYSTEM 
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In the IOB mode, the processor communicates and controls 
a host of peripherals over the Peripheral Bus. When the I/O 
Processor needs to communicate with system memory, it 
does so over the system memory bus. Figure 5 shows a pos- 
sible I/O Processor system configuration. 


The 80C86 and 80C88 processors can communicate with a 
Resident Bus and a multi-master system bus. Two bus con- 
trollers and only one Bus Arbiter would be needed in such a 
configuration as shown in Figure 6. In such a system config- 
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ADORESS BUS 
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uration the processor would have access to memory and 
peripherals of both busses. Memory mapping techniques are 
applied to select which bus is to be accessed. The SYSB/ 
RESB input on the arbiter serves to instruct the arbiter as to 
whether or not the system bus is to be accessed. The signal 
connected to SYSB/RESB also enables or disables com- 
mands from one of the bus controllers. A summary of the 
modes that the 82C89 has, along with its response to its sta- 
tus lines inputs, is shown in Table 1. 


XACK MULTI MASTER 
SYSTEM BUS 
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XACK MULTI MASTER SYSTEM BUS 


MULTI MASTER SYSTEM BUS CONTROL 


vec 


MULTI MASTER SYSTEM COMMAND BUS 
MULTI MASTER 
SYSTEM BUS 


MULTI MASTER SYSTEM AQOAESS BUS 


AANSCEIVER 
S2CB6H/ 
620874 

{21 


MULTE MASTER SYSTEM DATA BUS 


FIGURE 6. 82C89 BUS ARBITER SHOWN IN SYSTEM - RESIDENT BUS CONFIGURATION 
“By adding another 82C89 arbiter and connecting its AEN to the 82C88 whose AEN is presently grounded, the processor 


could have access to two multi-master buses. 
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TABLE 1. SUMMARY OF 82C89 MODES, REQUESTING AND RELINQUISHING THE MULTI-MASTER SYSTEM BUS 


SINGLE LINES FROM __ RESB MODE ONLY _OB MODE RESB MODE 
80C86 OR 80C88 OR 8088 1OB MODE 10B = HIGH, RESB = HIGH 1IOB = LOW, RESB = HIGH SINGLE BUS 
ONLY MODE 


10B = LOW SYSB/RESB SYSB/RESB = 10B = HIGH 
RESB = LOW Low HIGH RESB = LOW 


1. X = Multi-Master System Bus is allowed to be Surrendered. 
2. tT = Multi-Master System Bus is Requested. 


MULTI-MASTER SYSTEM BUS 
PIN 
STRAPPING REQUESTED** SURRENDERED* 

Single Bus Multi-Master Mode | 1OB = High Whenever the processor's status lines | HLT + Tle CBRQ + HPBRQ ¢ 

RESB = Low go active 
RESB Mode Only 10B = High SYSB/RESB + High « (SYSB/RESB = Low + Tl) « 
RESB = High ACTIVE STATUS CBRQ + HLT + HPBRQ 
|OB Mode Only | 1OB = Low Memory Commands (I/O Status + TI) * CBRQ + HLT + 

RESB = Low HPBRQ 


IOB Mode RESB Mode 1OB = Low (Memory Command) ¢ (I/O Status Commands) + 
RESB = High (SYSB/RESB = High) SYSB/RESB = Low) ¢ CBRQ + 
HPBRQ + + HLT 


NOTES: 
* LOCK prevents surrender of Bus to any other arbiter, CROLCK prevents surrender of Bus to any lower priority arbiter. 
** Except for HALT and Passive or IDLE Status. 
+ HPBRQ, Higher priority Bus request or BPRN = 1. 
1. 1OB Active Low. 
. RESB Active High. 
. + is read as “OR” and ¢ as “AND” 
. Tl = Processor Idle Status $2, S7, SO = 111 
. HLT = Processor Halt Status S2, S1, SO = 011 


of G® NM 
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Absolute Maximum Ratings Reliability Information 

SUPDIY VONAGE 2 iirc ee Ande ene e seer ek eee eew ad +8.0V Thermal Resistance Ba Ve 

Input, Output or I/O Voltage ............ GND-0.5V to VCC+0.5V Ceramic DIP Package............. 80°C /W 21°C/W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 76°CIW 19°C/W 

Junction Temperature a) tatila To? Sisal eh cd Ney oak 3 teterrearen ere ensue te late +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)..............-..... +300°C Ceramic DIP Package ..........0.ceceee eee eeeeeee 620mW 

ESD Classificationt 43 vss5Ges tu awenis eer ieteee tes Class 1 Ceramic LCC Package ......... cece eee e cece eens 664mW 
Gale COURt wise poh eee ea tee ee eee s 200 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied 


Operating Conditions 
Operating Voltage Range...................2.4. +4.5V to+5.5V Operating Temperature Range 
C82069 een derived pended cede ehoaekeas 0°C to +70°C 
1B2C8S oscar eae Sduein Meo hdaw ee aeees -40°C to +85°C 
M826389 3). 0234s ease aa Made aie eran -55°C to +125°C 
DC Electrical Specifications VCC = 5.0V + 10%; 
Ta = 0°C to +70°C (C82C89); 
= -40°C to +85°C (182C89); 
= -55°C to +125°C (M82C89) 


SYMBOL PARAMETER | MIN, | MAX UNITS TEST CONDITIONS 


oe po 
2.2 V M82C89, Note 1 
| VIL | Logical Zero input Voltage | Logical Zero Input Voltage | Input Voltage 
Bee a ee a NNR 
Te _[extepetzmmeawne [faa | yP 
1OL = 16mA 


Output Low Voltage 
BUSY, CBRQ 0.45 
AEN _ 0.45 
BPRO, BREQ 0.45 IOL = 8mA 
VOH1 Output High Voltage Open-Drain 
BUSY, CBRQ 
VOH2 Output High Voltage V IOH = -2.5mA 
All Other Outputs tee "1 4 V 1OH = -100pA 
Fe ae Input Leakage Current | 0 10 | pA | VIN = GND or VCC, DIP Pins 1-6, 9, 14-19 
ae 1/0 Leakage ee VO = GND or VCC, DIP Pins 11-12 


ICCSB Standby Power Supply aot VCC = 5.5V, VIN = VCC or GND, Outputs Open 
ICCOP Operating Power Supply Current Ee 


JOL= 20mA 


<<< 


NOTES: 
1. Does not apply to 1B, RESB, or ANYRQST. These are strap op- 2. Maximum current defined by CLK or BCLK, whichever has the 
tions and should be held to VCC or GND. highest operating frequency 


Capacitance T, = +25°C 


FREQ = 1MWHz, all measurements are 
referenced to device GND 
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Specifications 82C89 


AC Electrical Specifications VCC = 5.0V + 10%; GND = OV: 
Ta = 0°C to +70°C (C82C89); 
Ta = -40°C to +85°C (182C89); 
Ta = -55°C to +125°C (M82C89) 


A 
SYMBOL PARAMETER | MIN | MAX | UNIT TEST CONDITIONS 


(2) TCLCH CLK Low Time 


(3) TCHCL CLK High Time 


(4) TSVCH Status Active Setup 65 
(5)  TSHCL Status Inactive Setup 


Status Inactive Hold 


(6) THVCH 
(7) THVCL Status Active Hold 

(8)  TBYSBL BUSYJT Setup to BCLKL 
(9)  TCBSBL CBRQIT Setup to BCLKL 


BCLK Cycle Time 


CLK High Time 


—_— 
Oo 


ND 
oO 


20 
(10) TBLBL 


08] 
io) 


_ 
oO 


(11) TBHCL 0 


(12)  TCLLL1 LOCK Inactive Hold 


(13) TCLLL2 LOCK Active Setup 


(14) TPNBL 


BSS 

oO 
a 
p= 
© 
w | 


(15) TCLSR1 
(16) TCLSR2 
(17) TIVIH 


Ai nit w 
<ji-@<i{vU 
O1rnina 
@) 2) 2 
all all 
mip om 
Cit Qi] a 
Oly ol F 
z|¢|8 
io) 
o 
Cc 
no} 
o 
3 
o 


Initialization Pulse Width 675 


(18) TBLBAL BCLK to BREQ Delay! T 
(19) TBLPOH 
(20) TPNPO 


@ 
‘?) 
i 
A 
So 
WO 
U 
D 
Oo 
e 
~ 
w 
oO 


nN 
NO 


BPRNJT to BPROLT Delay 


(21)  TBLBYL BCLK to BUSY Low 


BCLK to BUSY Float 


(22) TBLBYH 


ao 
ol 


(23) TCLAEH CLK to AEN High 


(24) TBLAEL BCLK to AEN Low 


> 
ie] i) © 


(25) TBLCBL BCLK to CBRO Low fies | 

(26) TBLCBH BCLK to CBRO Float 4 pons Note 2 and 3 

(27) TOLOH Output Rise Time 20 pons From 0.8V to 2.0V, Note 4 

(28) TOHOL Output Fall Time { pons | From 2.0V to 0.8V, Note 4 

(29) TILIH Input Rise Time | 200] ons From 0.8V to 2.0V 

(30) TIHIL Input Fall Time | 200 «| ons From 2.0V to 0.8V 

NOTES: 

1. BCLK generates the first BPRO wherein subsequent BPRO 3. All AC parameters tested as per AC test load circuits. Input rise 
changes lower in the chain are generated through BPRON. and fall times are driven at 1ns/V. 

2. Measured at 0.5V above GND. 4. Except BUSY and CBRQ 


és 
8 


AC Test Load Circuits 


BUSY, CBRQ LOAD CIRCUIT 


2.5V 
1020 
OUTPUT FROM TEST 
DEVICE POINT 
UNDER TEST 


82C89 


AEN LOAD CIRCUIT BPRO, BREQ LOAD CIRCUIT 
2.9V 2.9V 
157.20 249.60 
OUTPUT FROM OUTPUT FROM 
DEVICE TEST DEVICE TEST 
UNDER TEST POINT UNDER TEST POINT 


L 100pF* L 100pF* 


* Includes Stray and Jig Capacitance 


AC Testing Input, Output Waveform 


INPUT 
VIH +0.4V 


VIL -0.4V 


OUTPUT 
VOH AC Testing: Inputs are driven at VIH +0.4V for a logic “1” and VIL 
1.5V -0.4V for a logic “O”. The clock is driven at VCC -0.4V and 0.4V. Tim- 
ing measurements are made at 1.5V for both a logic “1” and “0”. 
VOL 
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Timing Waveform 


a 


5 ‘ i} 
2, 81,8 ‘ 
(12) 
TCLLLI 
*__\ 
{SEE NOTE 1) 


SYSB/RESB (SEE NOTE 2) 4 


(15) TCLSA1 —> 


AEN 
[SEE NOTE 3) 


(24) (23) 


PROCESSOR CLK RELATED 
BUS CLK RELATED (11) \ (10) 


TBLBL 
BCLK 
(18) TBLBAL 
BREQ #2 
TBLPOH 
BPRN #2 
(BPRO #1) (14) 
TPNBL 


BPRO #2 
(BPRN #3) (20) | | [eee tee --- 
TPNPO 
TBYSBL (8) 
mm a 
21) 


A TBLAEL TCLAE 


TBLBYL 
(25) TBLCBL TBLBYH ( 
22 
(26) TBLCBH TEGSBL(?) 
NOTES: 
1. LOCK active can occur during any state, as long as the relation- 2. Glitching of SYSB/RESB 1s permitted during this time. After 62 of 
ships shown above with respect to the CLK are maintained. T1, and before 81 of T4, SYSB/RESB should be stable to main- 
LOCK inactive has no critical time and can be asynchronous. tain system efficiency. 


CRQLCK has no critical timing and is considered an asynchro- 3. REN leading edge is related to BCLK, trailing edge to CLK. The 
nous input signal. trailing edge of AEN occurs after bus priority is lost. 


ADDITIONAL NOTES: 


The signals related to CLK are typical processor signals, and do not relate to the depicted sequence of events of the signals referenced to 
BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for illustration. Assume 3 bus arbiters of priori- 
ties 1, 2 and 3 configured in serial priority resolving scheme (as shown in Figure 3). Assume arbiter 1 has the bus and is holding BUSY low. 
Arbiter #2 detects its processor wants the bus and pulls low BREQ #2. If BPRN #2 is high (as shown), arbiter #2 will pull low CBRQ line. 
CBRQ signals to the higher priority arbiter #1 that a lower priority arbiter wants the bus. [A higher priority arbiter would be granted BPRN 
when it makes the bus request rather than having to wait for another arbiter to release the bus through CBRQ]. “Arbiter #1 will relinquish the 
multi-master system bus when it enters a state not requiring it (see Table 1), by lowering its BPRO #1 (tied to BPRN #2) and releasing BUSY. 
Arbiter #2 now sees that is has priority from BPRN #2 being low and releases CBRQ. As soon as BUSY signifies the bus is available (high), 
arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if arbiter #2 didn’t want the bus at the time it received priority, it would pass 
priority to the next lower priority arbiter by lowering its BPRO #2 [TPNPO]. 


*Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus. 
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Burn-In Circuits 


MD82C89 CERAMIC DIP 
vcc 
C1 
F7 a 4 | |20 a 
F13 hs | 2 | 19 F6 
Fi4 a EJ 18] FS 
Fi2 Ad 4 A Fo 
FO ‘ 5 | 16| Fo 
vec a 6 | 15 Fio 
vCCc/2 mae 14) 4 F141 
ano ae a 
Fe 9 2] vCC/2 
i) re ae 
\/ 
MR82C89 CERAMIC LCC 
vec C1 Ps 
7 J 
F14 F13 F7 F6 4 
“oO zx 
R2(R2 [Re R2 O ul 
sr 
oe 
or 
Ww 
. a. 
4} As F5 
6} Fo 
7} dy F10 
8 F14 


NOTES: 
1. VCC = 5.5V + 0.5V, GND = OV 
2. VIH = 4.5V t 10%, VIL = -0.2V to +0.4V 


3. Components Values: 
R1 = 1.2kQ, 1/4W, 5% 
R2 = 47kQ, 1/4W, 5% 
C1 =0.01pF minimum 
FO = 100kHz + 10% 
F1 = F0/2 
F2=F1/2... 

F14 = F13/2 


4-333 


82C89 


Metallization Topology 


DIE DIMENSIONS: 
92.9 x 95.7 x 19 + Imils 


wil iar aa 
Type: Si - 
oe 1 ack + 2kA 


GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA + 2kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.8 x 10° A/cm? 


Metallization Mask Layout 
82C89 


SYSB/RESB 


108 
S2 
vcc 


RESB : ae neat 


BCLK 


SE, oatae f : 


fae PNG A EE rsa acne PTS 
RS aa pears 
a 


= 
um ui! 


i | | ETS NCEE ‘ 


BREQ 
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CLK 


m LOCK 


CROLCK 
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ieroprocessor Products| 


CMOS DATA COMMUNICATIONS 


PAGE 
CMOS DATA COMMUNICATIONS DATASHEETS 
82C50A Asynchronous Communications Element. ............ 0.000. eee eee eee eens 5-3 
82C52 Serial Controller Interface... 1... 0. te eet teen eee 5-23 
CDP1854A, AC Programmable -UART csc2 c4.wanhe ot andes dees tod EA aw aww ee Ano eee sd 5-41 
CDP 1854A/3, AC/3 High-Reliability Programmable UART ............. 00. cee eee 5-58 
CDP6402, C Universal Asynchronous Receiver Transmitter (UART) ....................0005 5-67 
HD-4702 Programmable Bit Rate Generator... . 0.0... 0.0... ccc eee eens 5-76 
HD-4702/883 Programmable Bit Rate Generator. ........0 0... ce eee ee eee 5-82 
HD-6402 Universal Asynchronous Receiver Transmitter (UART) ...............00000euee 5-88 
HD-6402/883 Universal Asynchronous Receiver Transmitter (UART) .................000000e 5-95 
HD-6408 Asynchronous Serial Manchester Adaptor... . 0.0.0.0... 0.00.0. 5-101 
HD-6409 Manchester Encoder-Decoder (MED) ................0 0002.2 eee eee eee ee 5-108 
HD-6409/883 Manchester Encoder-Decoder (MED) .......... 0.0... ccc eee eee eee eee eeee 5-121 7 
HD-15530 Manchester Encoder-Decoder (MED) .............. 00. ce eee cece eee eeeees 5-127 t 2 
HD-15531 Manchester Encoder-Decoder (MED) .............00ccccceeeeeceeceeeueues 5-139 a a 
HD-15531/883 Manchester Encoder-Decoder (MED) ............. 00.0 c cece eee cee eee ence 5-151 2 z 
HS-3182 ARINC 429-Bus: Diver x03 45.05 od bale xine eh eh ASR ee Rea awe a RE ee 5-158 =>s 
HS-3282 ARINC 429 Bus Interface Circuit... 0.0.0. ee eee ees 5-163 5 
ICL232 +5V Powered Dual RS-232 Transmitter/Receiver..............ceeeeeeeeeeeees 5-176 — 
RELATED APPLICATION NOTES 
App Note 108 82C52 Programmable UART ......... 00.0 cc cee cee eee eee nen eevee eee wees 7-3 
App Note 400 Using the HS-3282 Bus Interface Circuit ........ 0.00.0 ee eee 7-61 
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Features 


e Single Chip UART/BRG 
e DC to 625K Baud (DC to 10MHZ Clock) 
e Crystal or External Clock Input 
© On Chip Baud Rate Generator 
1 to 65535 Divisor Generates 16X Clock 
e Prioritized Interrupt Mode 
e Fully TTL/CMOS Compatible 
e Microprocessor Bus Oriented Interface 
e 80C86/80C88 Compatible 
e Scaled SAJI IV CMOS Process 
e Low Power - 1 mA/MHz Typical 


82CS50A 


CMOS Asynchronous 
Communications Element 


Uu 
40 LEAD DIP Pinouts 40 LEAD PLCC 
TOP VIEW TOP VIEW 
00 H vce zeeee2 2 cl8lelé 
b1 G2 39D Al eBatelaladababadaisla 
2 C3 38 OCD 65 43 2 1 4443 40 
03 C44 370 DSR o6d7 3910 MR 
0475 CTs nef) 8 38D OUTI 
05 C6 350 MR o7 C9 OTA 
06 C17 34D OUT! ACLK (] 10 381) ATS 
0748 331 OTR sin 36 Dourz 
ACLK C19 D RTS nc] 12 34D NC 
SIN (710 31EJ OUT2 SOUT LJ 13 33 LJ INTRPT 
SOUT 11 3010 INTRPT cso 14 32 [Nc 
CSO C112 2910 NC csi 15 310 A0 
csi 13 2810 AO cs2C] 16 3010 a1 


082.) 14 27P Al BAUDOUT C] 17 20 1 a2 
e Modem Interface BAUDOUT C15 26H AZ 
. i‘ XTALI Cy 16 2510 AOS Chie ce om ew his 
e Line Break Generation and Detection XTAL2 G17 24H esouT 2252 *66 2 312 
e Loopback and Echo Modes DOSTR C18 23 Dols Ss 3 
OOSTR 19 22D DISTR 


e Doubled Buffered Transmitter and Receiver 
e Single 5V Supply 


Description 


The 82C50A Asynchronous Communication Element (ACE) isa 
high performance programmable Universal Asynchronous Re- 
ceiver/Transmitter (UART) and Baud Rate Generator (BRG) ona 
single chip Using Harris Semiconductor's advanced Scaled 
SAJI IV CMOS Process, the ACE will support data rates from DC 
to 625K baud (0-10 MHz clock) 


The ACE's receiver circuitry converts start, data, stop, and parity 
bits into a parallel data word The transmitter circuitry converts a 
parallel data word into serial form and appends the start, parity, 
and stop bits. The word length ts programmable to 5, 6, 7, or 8 
data bits. Stop bit selection provides a choice of 1, 15, or 2 stop 
bits 


GND C20 


The Baud Rate Generator divides the clock by a divisor 
programmable from 1 to 216-1 to provide standard RS-232C 
baud rates when using any one of three industry standard baud 
rate crystals (1.8432 MHz, 2.4576 MHz, or 3.072 MHz). A 
programmable buffered clock output (BAUDOUT) provides 
either a buffered oscillator or 16X (16 times the data rate) baud 
rate clock for general purpose system use 


To meet the system requirements of a CPU interfacing to_an 
asynchronous channel, the modem control signals RTS, CTS, 
DSR, DTR, RI, DCD are provided. Inputs and outputs have been 
designed with full TTL/CMOS compatability in order to facilitate 
mixed TTL/NMOS/CMOS system design. 


Functional Diagram 


Ordering Information 


cso 12 24 __csouT 
cst 13 
C82 14 23 ODIs TEMP RANGE 625K BAUD 
ADS 25 
INTERRUPT 30 _INTRPT Plastic 0°C to +70°C CP82C50A-5 
AO 28 1, & CONTROL DIP 
Al 27 -40°C to +85°C IP82C50A-5 
h2 26 
=. PLCC | 0°Cto+70°C | CS82C50A-5 
MR 36 
15___BAUOOUT -40°C to +85°C IS82C50A-5 
LINE STATUS er ic 
ust __2 aa e BAUD RATE 18 ___XTAL! Ceramic] 0°Cto+70°C | CD82C50A-5 
oIsTR 2 GENERATOR 17 XTAL DIP 
posTR 19 W UT -40°C to +85°C ID82C50A-5 
aa ca TRANSMITTER 
a -55°C to +125°C | MD82C50A-5/B 
00 1 32 RTS 
2 OTA 
b2 3 MODEM CONTROL 34 
03 4 31 
4 5 
05 6 
06 7 
a7 a 


CAUTION — Electronic devices are sensitive to electrostatic discharge Proper 


; CTs 

DSR 

MODEM STATUS 98 ach 
39 Ril 


|C handling procedures should be followed 


File Number 2958 
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82C50A 


Pin Description 


PIN ACTIVE 
SYMBOL | NUMBER TYPE LEVEL DESCRIPTION 


DISTR, 22 DATA IN STROBE, DATA IN STROBE: DISTR, DISTR are read inputs 

DISTR 21 which cause the 82C50A to output data to the data bus (DO-D7). The 
data output depends upon the register selected by the address inputs 
AO, Ai, A2. The chip select inputs CSO, CS1, CS2 enable the DISTR, 
DISTR inputs. 
Only an active DISTR or DISTR, not both, is used to receive data from 
the 82C50A during a read operation. If DISTR is used as the read input, 
DISTR should be tied high. If DISTR is used as the active read input, 
DISTR should be tied low. 

DOSTR, 19 H DATA OUT STROBE, DATA OUT STROBE: DOSTR, DOSTR are write 

DOSTR 18 L inputs which cause data from the data bus (DO-D7) to be input to the 
82C50A. The data input depends upon the register selected by the 
address inputs AO, A1, A2. The chip select inputs CSO, CS1, CS2 enable 
the DOSTR, DOSTR inputs. 
Only an active DOSTR or DOSTR, not both, is used to transmit data to 
the 82C50A during a write operation. If DOSTR is used as the write 
input, DOSTR should be tied high. If DOSTR is used as the write input, 
DOSTR should be tied low. 


D0-D7 1-8 1/0 DATA BITS 0-7: The Data Bus provides eight, 3-state input/output lines 
for the transfer of data, contro! and status information between the- 
82C50A and the CPU. For character formats of less than 8 bits, D7, D6 
and D5 are “don’t cares” for data write operations and 0 for data read 


operations. These lines are normally in a high impedance state except 
during read operations. DO is the Least Significant Bit (LSB) and is the 
first serial data bit to be received or transmitted. 


AO, At, 28, 27, H REGISTER SELECT: The address lines select the internal registers 
A2 26 during CPU bus operations. See Table 1. 
XTAL1, 16 CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate 
XTAL2 17 Generator. XTAL1 can also be used as an external clock input, in which 
case XTAL2 should be left open. 


SOUT 11 SERIAL DATA OUTPUT: Serial data output from the 82C50A 
transmitter circuitry. A Mark (1) is a logic one (high) and Space (0) isa 
logic zero (low). SOUT is held in the Mark condition when the 
transmitter is disabled, MR ts true, the Transmitter Register is empty, or 
when in the Loop Mode. SOUT is not affected by the CTS input. 


ce ae oe GROUND: Power supply mle connection (VSS). 


CLEAR TO SEND: The logical state of the CTS pin ts reflected in the 
CTS bit of the (MSR) Modem Status Register (CTS 1s bit 4 of the MSR, 
written MSR(4)). A change of state in the CTS pin since the previous 
reading of the MSR causes the setting of DCTS (MSR(0)) of the Modem 
Status Register. When CTS pin is ACTIVE (low), the modem is 
indicating that data on SOUT can be transmitted on the 
communications link. If CTS pin goes INACTIVE (high), the 82C50A 
should not be allowed to transmit data out of SOUT. CTS pin does not 
affect Loop Mode operation. 

DATA SET READY: The logical ‘state of the DSR pin is reflected in 
MSR(5) of the Modem Status Register. DDSR (MSR(1)) indicates 
whether the DSR pin has changed state since the previous reading of 
the MSR. When the DSR pin is ACTIVE (low), the modem is indicating 
that it is ready to exchange data with the 82C50A, while the DSR Pin 
INACTIVE (high) indicates that the modem is not ready for data 
exchange. The ACTIVE condition indicates only the condition of the 
local Data Communications Equipment (DCE), and does not imply that 
a data circurt as been established with remote equipment. 
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82C50A 


Pin Description 


PIN ACTIVE 
SYMBOL | NUMBER TYPE LEVEL DESCRIPTION 


DATA TERMINAL READY: The DTR pin can be set (low) by writing a 
logic 1 to MCR(0), Modem Control Register bit 0. This signal is cleared 
(high) by writing a logic 0 to the DTR bit (MCR(0)) or whenever a MR 
ACTIVE (high) 1s applied to the 82C50A. When ACTIVE (low), DTR pin 
indicates to the DCE that the 82C50A is ready to receive data In some 
instances, DTR pin is used as a power on indicator The INACTIVE 
(high) state causes the DCE to disconnect the modem from the 
telecommunications circuit. 


REQUEST TO SEND. The RTS signal ts an output used to enable the 
modem The RTS pin is set low by writing a logic 1 toMCR(1) bit 1 of the 
Modem Control Register. The RTS pin ts reset high by Master Reset 
When ACTIVE, the RTS pin indicates to the DCE that the 82C50A has 
data ready to transmit. In half duplex operations, RTS is used to control 
the direction of the line. 


BAUDOUT: This output is a 16X clock out used for the transmitter 
section (16X = 16 times the datarate) The BAUDOUT clock rate is equal 
to the reference oscillator frequency divided by the specified divisor in 
the Baud Rate Generator Divisor Latches DLL and DLM. BAUDOUT 
may be used by the Receiver section by tying this output to RCLK. 


7 . Pi 
: ui 


OUTPUT 1 This ts a general purpose output that can be programmed 
ACTIVE (low) by setting MCR(2) (OUT1) of the Modem Control 
Register to a high level. The OUT1 pin is set high by Master Reset. The 
OUT1 pin is INACTIVE (high) during loop mode operation. 


OUTPUT 2. This is a general purpose output that can be programmed 
ACTIVE (low) by setting MCR(3) (OUT2) of the Modem Control 
Register to a high level The OUT2 pin is set high by Master Reset. The 
OUT2 signal is INACTIVE (high) during loop mode operation. 


RING INDICATOR. When low, RI indicates that a telephone ringing 
signal has been received by the modem or data set. The RI signal isa 
modem control input whose condition Is tested by reading MSR(6) (R}). 
The Modem Status Register output TERI (MSR(2)) indicates whether 
the RI input has changed from a Low to High since the previous reading 
of the MSR. If the interrupt is enabled (IER(3)=1) and RI changes froma 
Low to High, an interrupt is generated. The ACTIVE (low) state of Ri 
indicates that the DCE is receiving a ringing signal. RI will appear 
ACTIVE for approximately the same length of time as the ACTIVE 
segment of the ringing cycle The INACTIVE state of RI will occur 
during the INACTIVE segments of the ringing cycle, or when ringing is 
not detected by the DCE. This circuit is not disabled by the INACTIVE 
condition of DTR. 


DATA CARRIER DETECT. When ACTIVE (low), DCD indicates that the 
data carrier has been detected by the modem or data set. DCD is a 
modem input whose condition can be tested by the CPU by reading 
MSR(7) (DCD) of the Modem Status Register. MSR(3) (DDCD) of the 
Modem Status Register indicates whether the DCD input has changed 
since the previous reading of the MSR. DCD has no effect on the 
receiver. If the DCD changes state with the modem status interrupt 
enabled, an interrupt is generated. 


When DCD is ACTIVE (low), the received line signal from the remote 
terminal is within the limits specified by the DCE manufacturer. The 
INACTIVE (high) signal indicates that the signal is not within the 
specified limits, or is not present. 
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82C50A 


Pin Description 


PIN ACTIVE 
SYMBOL | NUMBER TYPE LEVEL DESCRIPTION 


Py yy 
- ae 


MASTER RESET. The MR input forces the 82C50A into an tdle mode in 
which all serial data activities are suspended. The Modem Control 
Register (MCR) along with its associated outputs are cleared. The Line 
Status Register (LSR) is cleared except for the THRE and TEMT bits, 
which are set. The 82C50A remains in an idle state until programmed to 
resume serial data activities. The MR input is a Schmitt trigger input 
See the D. C. Electrical Characteristics for Schmitt trigger logic input 
voltage levels. See Table 7 for a summary of Master Reset’s effect on 
82C50A operation. 


INTERRUPT REQUEST. The INTRPT output goes ACTIVE (high) when 
one of the following interrupts has an ACTIVE (high) condition and is 
enabled by the Interrupt Enable Register: Receiver Error flag, Received 
Data Available, Transmitter Holding Register Empty, and Modem 
Status. The INTRPT ts reset low upon appropriate service or a MR 
operation. See Figure 1. interrupt Control Structure. 


SERIAL DATA INPUT. The SIN input is the serial data input from the 
communication line or modem to the 82C50A receiver circuits. A mark 
(1) is high, and a space (0) !s low. Data inputs on SIN are disabled when 
operating in the loop mode. 


VCC: +5 volt positive power supply pin. A 0.14A decoupling capacitor 
from VCC (pin 40) to GND (pin 20) is recommended. 


CHIP SELECT: The Chip Select inputs act as enable signals for the 
write (DOSTR, DOSTR) and read (DISTR, DISTR) input signals. The 
Chip Select inputs are latched by the ADS input 


CHIP SELECT OUT: When ACTIVE (high), this pin indicates that the 
chip has been selected by active CSO, CS1, and CS2 inputs. No data 
transfer can be initiated until CSOUT 1s a logic 1, ACTIVE (high). 


DRIVER DISABLE: This output is INACTIVE (low) when the CPU is 
reading data from the 82C50A. An ACTIVE (high) DDIS output can be 
used to disable an external transceiver when the CPU is reading data. 


ADDRESS STROBE: When ACTIVE (low), ADS latches the Register 
Select (A0,A1,A2) and Chip Select (CSO, CS1, CS2) inputs. An active 
ADS is required when the Register Select pins are not stable for the 
duration of the read or write operation, multiplexed mode. If not 
required, the ADS input should be tied low, non-multiplexed mode. 


This input ts the 16X Baud Rate Clock for the receiver section of the 
82C50A. This input may be provided from the BAUDOUT output or an 
external clock. 
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82C50A 


Block Diagram 


(1-8) DATA BUS 
-D 
07-09 - BUFFER 
vy POWER 
GND SUPPLY 


(28) 
an 
1 
lo 8) 
cso ma 
cs) —Fat SELECT 
82 & 
C82 ——F) 
its —Fe CONTROL 
wn Ee LOGIC 
DISTR 
OSTA an 
n0sTR rg 
0ST ——e 
Duis 7, 
csouT + 
XTALI 7) 
XTALZ 


SCRATCH 
REGISTER 


RECEIVER BUFFER 
LINE CONTROL 
REGISTER & CONTROL 
DIVISOR 
LATCH (LS) BAUD RATE (15) 
DIVISOR 
LATCH (MS) 


tt ae > eee! 
TRANSMITTER 
pease |__| TIMING & CONTROL 
TRANSMITTER " 
TRANSMITTER SHIFT REGISTER Ot) > sou 

HOLDING REGISTER 


MODEM CONTROL 
REGISTER 


MODEM 


STATUS 
REGISTER 


INTERRUPT ENABLE femmamgp 
REGISTER dl INTERRUPT CONTROL (30) 
INTERRUPT ID LOGIC 
REGISTER es 


Accessible Registers 


The three types of internal registers in the 82C50A used in the 
operation of the device are control, status, and data registers. 
The control registers are the Bit Rate Select Register DLL and 
DLM, Line Control Register, Interrupt Enable Register and 
the Modem Control registers, while the status registers are 
the Line Status Registers and the Modem Status Register. 
The data registers are the Receiver Buffer Register and 
Transmitter Holding Register. The Address, Read, and Write 
inputs are used in conjunction with the Divisor Latch Access 
Bit in the Line Control Register (LCR(7)) to select the register 
to be written or read (see Table 1.). Individual bits within 
these registers are referred to by the register mnemonic and 
the bit number in parenthesis. An example, LCR(7) refers to 
Line Control Register Bit 7. 


TABLE 1. ACCESSING 82C50A INTERNAL REGISTERS 


pLaplaz | ar | ao [mnemonic] ReGister _| 


Receiver Buffer Register 
(read only) 

Transmitter Holding 
Register (write only) 
Interrupt Enable Register 
Interrupt Identification 
Register (read only) 

Line Control Register 
Modem Control Register 
Line Status Register 
Modem Status Register 
Scratch Register 
Divisor Latch (LSB) 
Divisor Latch (MSB) 


X = “Don’t Care” O = Logic Low 1 = Logic High 


The Transmitter Buffer Register and Receiver Buffer 
Register are data registers holding from 5-8 data bits. If 
less than eight data bits are transmitted, data is right 
justified to the LSB. Bit 0 of a data word is always the first 
serial data bit received and transmitted. The 82C50A data 
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RECEIVER SHIFT (10) gy 
RECEIVER 


RECEIVER TIMING {9} RCLK 


GENERATOR 


{32} ATS 


RTS 

ae: cmt 
{) __» ouTi 

MODEM oy Ut 
CONTROL 5 ouT2 

Logic a7) OS 

(38) 

INTRPT 


registers are double buffered so that read and write 
operations can be performed at the same time the UART is 
performing the parallel to serial nd serial to parallel 
conversion. This provides *:.. nicroprocessor with 
increased flexibility in its read and write timing. 


LINE CONTROL REGISTER (LCR) 


LCR | LcR | icR | tcR | LCR | LCR | LCR | LeR 
7 6 5 4 3 2 1 0 
| 5 DATA BITS 
6 DATA BITS 
7 DATA BITS 


8 DATA BITS 


1 STOP BIT 

15 STOP BITS 

{F 5 DATA BIT WORD 
LENGTH IS SELECTED 

2 STOP BITS IF 6 7 ORB 
DATA BIT WORD LENGTH 
1S SELECTED 


PARITY DISABLED 
PARITY ENABLED 
{GENERATED & CHECKED) 


word 0 
LENGTH 0 
SELECT 1 
1 
0 
| 


mom oH ow 


wo -—_a-o 


STOP 
BIT 
SELECT 


PARITY 0 
ENABLE 1 


wo 


EVEN 0 = ODD PARITY WHEN 

PARITY PARITY 1S ENABLED 

SELECT 1 = EVEN PARITY WHEN 
PARITY IS ENABLED 


STICK 0 = STICK PARITY DISABLED 

PARITY 1 = WHEN PARITY IS ENABLED 
FORCES THE TRANSMISSION 
AND CHECKING OF A PARITY 
BIT OF A KNOWN STATE 
PARITY BIT FORCED TO 
A LOGIC t IF LCR (4) = 0 OR 
TO A LOGIC 0 IF LCR (4) = 1 


BREAK DISABLED 
BREAK ENABLED 
THE SERIAL OUTPUT (SOUT) 
1S FORCED TO THE SPACING 
{LOGIC 0) STATE 


DVISOR O = MUST BE LOW TO 


BREAK 0 
CONTROL 


= 
wow 


LATCH ACCESS THE RECEIVER BUFFER 
ACCESS TRANSMITTER HOLDING REGISTER OR 
BIT THE INTERRUPT ENABLE REGISTER 


1 = MUST BE HIGH TO ACCESS THE DIVISOR 
LATCHES OLL ANO OLM OF THE BAUD RATE 
GENERATOR DURING A READ OR WRITE 
OPERATION 


dp) 
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Line Control Register (LCR) 


The format of the data character is controlled by the Line 
Control Register. The contents of the LCR may be read, 
eliminating the need for separate storage of the line char- 
acteristics in system memory. The contents of the LCR 
are described below. 


LCR Bits 0 thru 7 


LCR 
LCR 


LCR (0) Word Length Select Bit 0 (WLSO) 
LCR (1) Word Length Select Bit 1 (WLS1) 
LCR (2) Stop Bit Select (STB) 
LCR (3) Parity Enable (PEN) 
LCR (4) Even Parity Select (EPS) 
LCR (5) Stick Parity 

(6 

(7 


) 
) Set Break 
) Divisor Latch Access Bit (DLAB) 


LCR(0) and LCR(1) word length select bit 0, word length 
select bit 1: The number of bits in each transmitted or re- 
ceived serial character is programmed as follows 


LCR(1) LCR(0) WORD LENGTH 


LCR(2) Stop Bit Select: LCR(2) specifies the number of 
stop bits in each transmitted character. If LCR(2) isa logic 
0, one stop bit is generated in the transmitted data. If 
LCR(2) is a logic 1 when a5 bit word length is selected, 1.5 
stop bits are generated. If LCR(2) isalogic 1 when eithera 
6-, 7-, or 8-bit word length is selected, two stop bits are 
generated. The receiver checks for two stop bits if pro- 
grammed. 


LCR(3): Parity Enable: When LCR(3) is high, a parity bit 
between the last data word bit and stop bit is generated 
and checked. 


LCR(4) Even Parity Select: When parity is enabled 
(LCR(3)=1), LCR(4)=0 selects odd parity, and LCR(4)=1 
selects even parity. 


LCR(5) Stick Parity: When parity is enabled (LCR(3)=1), 
LCR(5)=1 causes the transmission and reception of a par- 
ity bit to be in the opposite state from that indicated by 
LCR(4). This allows the user to force parity to a known 
state and for the receiver to check the parity bit ina known 
state. 


LCR(6) Break Control: When LCR(6) is set to logic-1, the 
serial output (SOUT) is forced to the spacing (logic 0) 
state. The break is disabled by setting LCR(6) to a logic-0. 
The Break Control bit acts only on SOUT and has no 
effect on the transmitter logic. Break Control enables the 


CPU to alert a terminal in a computer communications 
system. If the following sequence is used, no erroneous or 
extraneous characters will be transmitted because of the 
break. 


1. Load an all Os pad character in response to THRE. 
2. Set break in response to the next THRE. 


3. Wait for the transmitter to be idle, (TEMT=1), and 
clear break when normal transmission has to be 
restored. 


During the break, the transmitter can be used as a charac- 
ter timer to accurately establish the break duration. 


LCR(7) Divisor Latch Access Bit (DLAB): LCR(7) must be 
set high (logic 1) to access the Divisor Latches DLL and 
DLM of the Baud Rate Generator during a read or write 
operation. LCR(7) must be input low to access the 
Receiver Buffer, the Transmitter Holding Register, or the 
Interrupt Enable Register. 


Line Status Register (LSR) 


The LSR is a single register that provides status indica- 
tions. The LSR is usually the first register read by the CPU 
to determine the cause of an interrupt or to poll the status 
of the 82C50A. 


Three error flags OE, FE, and PE provide the status of any 
error conditions detected in the receiver circuitry. During 
reception of the stop bits, the error flags are set high byan 
error condition. The error flags are not reset by the 
absence of an error condition in the next received charac- 
ter. The flags reflect the last character only if no overrun 
occured. The Overrun Error (OE) indicates that a charac- 
ter in the Receiver Buffer Register has been overwritten by 
a character from the Receiver Shift Register before being 
read by the CPU. The character is lost. Framing Error (FE) 
indicates that the last character received contained incor- 
rect (low) stop bits. This is caused by the absence of the 
required stop bit or by a stop bit too short to be detected. 
Parity Error (PE) indicates that the last character received 
contained a parity error based on the programmed and 
calculated parity of the received character. 


The Break Interrupt (BI) status bit indicates that the last 
character received was a break character. A break charac- 
ter is an invalid data character, with the entire character, 
including parity and stop bits, logic zero. 


The Transmitter Holding Register Empty (THRE) bit indi- 
cates that the THR register is empty and ready to receive 
another character. The Transmission Shift Register 
Empty (TEMT) bit indicates that the Transmitter Shift 
Register is empty, and the 82C50A has completed trans- 
mission of the last character. If the interrupt is enabled 
(IER(1)), an active THRE causes an interrupt (INTRPT). 
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The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and 
that the CPU may access this data. 


LSR(5) Transmitter Holding Register Empty (THRE): 
THRE indicates that the 82C50A is ready to accept a new 
character for transmission. The THRE bit is set high when 
a character is transferred from the Transmitter Holding 
Reading the LSR clears LSR(1)-LSR(4). (OE, PE, FE & Register into the Transmitter Shift Register. LSR(5) is re- 
Bl) set low by the loading of the Transmitter Holding Register 

by the CPU. LSR(5) is not reset by a CPU read of the LSR. 
LSR Bits 0 Thru 7 


LSR (0) Data Ready (DR) 


When the THRE interrupt is enabled (IER(1)=1), THRE 
Causes a priority 3 interrupt in the IIR. If THRE is the inter- 
rupt source indicated in IIR, INTRPT is cleared by a read 
of the IIR. 


Not Ready 


LSR (1) Overrun Error (OE) No Error 

LSR (2) Parity Error (PE) No Error LSR(6) Transmitter Empty (TEMT): TEMT is set high 
LSR (3) Framing Error (FE) No Error when the Transmitter Holding Register (THR) and the 
LSR (4) Break Interrupt (BI) No Break Transmitter Shift Register (TSR) are both empty. LSR(6) 
LSR (5) Transmitter Holding Not Empty is reset low when a character is loaded into the THR and 


remains low until the character is transferred out of 


Register Empty (THRE) 
SOUT. TEMT is not reset low by a CPU read of the LSR. 


LSR (6) Transmitter Empty (TEMT) 
LSR (7) Not Used 


Not Empty 


LSR(7): This bit is permanently set to logic 0. 


The contents of the Line Status Register are indicated in 


the above table and are described below. Modem Control Register (MCR) 


The MCR controls the interface with the modem or data 
set as described below. The MCR can be written and read. 
The RTS, DTR, OUT1, and OUT2 outputs are directly con- 
trolled by their control bits in this register. A high Input 
asserts a low (true) at the output pins. 


LSR(0) Data Ready (DR): Data Ready is set high when an 
incoming character has been received and transferred 
into the Receiver Buffer Register. LSR(0) is reset low bya 
CPU read of the data in the Receiver Buffer Register. 


LSR(1) Overrun Error (OE): Overrun Error indicates that 
data in the Receiver Buffer Register was not read by the 
CPU before the next character was transferred into the 
Receiver Buffer Register, overwriting the previous char- 
acter. The OE indicator is reset whenever the CPU reads 
the contents of the Line Status Register. 


MCR Bits 0 thru 7 


MCR BIT MCR BIT 
LOGIC 1 LOGIC 0 


DTR 


MCR (0) Data Terminal Ready DTR 


Vv”) 
5 
C- ad 
= 
x 

a6 
ag 
Os 
== 
os 
oO 
©O 


LSR(2) Parity Error (PE): Parity Error indicates that the re- (DTR) Output Low | Output High 
ceived data character does not have the correct even or MCR (1) Request to Send RTS RTS 
odd parity, as selected by the Even Parity Select bit (RTS) Output Low | Output High 
(LCR(4)). The PE bit is set high upon detection of a parity MCR (2) OUT1 OUT1 OUT1 
error, and is reset low when the CPU reads the contents of Output Low | Output High 
the LSR. MCR (3) OUT2 OuT2 OUT2 
Output Low | Output High 
LSR(3) Framing Error (FE): Framing Error indicates that 
the received character did not have a valid stop bit. LSR(3) MOR GEOOr eid acho 
Enabled Disabled 


is set high when the stop bit following the last data bit or 
parity bit is detected as a zero bit (spacing level). The FE 
indicator is reset low when the CPU reads the contents of 
the LSR. 


MCR (5) 0 
MCR (6) 0 
MCR (7) 0 


LSR(4) Break Interrupt (Bl): Break Interrupt is set high 
when the received data input is held in the spacing (logic 
0) state for longer than a full word transmission time (start 
bit + data bits + parity + stop bits). The BI indicator is reset 
when the CPU reads the contents of the Line Status 


MCR(0): When MCR(0) is set high, the DTR output is 
forced low. When MCR(0) is reset low, the DTR output is 
forced high. The DTR output of the 82C50A may be input 
into an EIA inverting line driver as the 1488 to obtain the 


Register. 


LSR(1) - LSR(4) are the error conditions that produce a 
Receiver Line Status interrupt (priority 1 interrupt in the 
Interrupt Identification Register (IIR)) when any of the 
conditions are detected. This interrupt is enabled by set- 


ting IER(2)=1 in the Interrupt Enable Register. 


proper polarity input at the modem or data set. 


MCR(1): When MCR(1) is set high, the RTS output is 
forced low. When MCR(1) is reset low, the RTS output is 
forced high. The RTS output of the 82C50A may be input 
into an EIA inverting line driver as the 1488 to obtain the 
proper polarity input at the modem or data set. 
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MCR(2): When MCR(2) is set high, the OUTT output is 
forced low. When MCR(2) is reset low, the OUT1 outputis 
forced high. OUT is an user designated output. 


MCR(3): When MCR(3) is set high, the OUT2 output is 
forced low. When MCR(3) is reset low, the OUT2 outputis 
forced high. OUT2 is an user designated output. 


MCR(4): MCR(4) provides a local loopback feature for 
diagnostic testing of the 82C50A. When MCR(4) is set 
high, Serial Output (SOUT) is set to the marking (logic 1) 
state, and the receiver data input Serial Input (SIN) is dis- 
connected. The output of the Transmitter Shift Register is 
looped back into the Receiver Shift Register input. The 
four modem control inputs (CTS, DSR, DC, and Ri) are 
disconnected. The four modem control outputs (DTR, 
RTS, OUT1 and OUT2) are internally connected to the 
four modem control inputs. The modem control output 
pins are forced to their inactive state (high). In the diag- 
nostic mode, data transmitted is immediately received. 
This allows the processor to verify the transmit and 
receive data paths of the 82C50A. 


In the diagnostic mode, the receiver and transmitter inter- 
rupts are fully operational. The modem control interrupts 
are also operational, but the interrupt sources are now the 
lower four bits of the MCR instead of the four modem 
control inputs. The interrupts are still controlled by the 
Interrupt Enable Register. 


MCR(5) - MCR(7): These bits are permanently set to 
logic 0. 


MODEM CONTROL REGISTER (MCA) 


OTA OUTPUT HIGH (INACTIVE) 
OTA OUTPUT LOW (ACTIVE) 


DATA 0 
TERMINAL =} 
READY 


REQUEST 0 
To ' 


ATS OUTPUT HIGH (INACTIVE) 
ATS OUTPUT LOW {ACTIVE} 


OUT I QUT 1 OUTPUT HIGH (INACTIVE) 


OUT 1 OUTPUT LOW {ACTIVE} 


QUT 2 OUTPUT HIGH {INACTIVE} 
OUT 2 QUTPUT LOW (ACTIVE) 


LOOP DISABLED 
LOOP ENABLED, 


THESE BITS ARE PERMANENTLY SET TO A LOGIC 0. 


0 

1 

OUT 2 0 
1 

LOOP 0 
’ 


Modem Status Register (MSR) 


The MSR provides the CPU with status of the modem in- 
put lines from the modem or peripheral device. The MSR 
allows the CPU to read the modem signal inputs by acces- 
sing the data bus interface of the 82C50A. In addition to 


the current status information, four bits of the MSR indi- 
cate whether the modem inputs have changed since the 
last reading of the MSR. The delta status bits are set high 
when a control input from the modem changes state, and 
reset low when the CPU reads the MSR. 


The modem input lines are CTS (pin 36), OSR (pin 37), Ri 
(pin 39), and BCD (pin 38). MSR(4) - MSR(7) are status 
indications of these lines. The status indications follow 
the status of the input lines. If the modem status interrupt 
in the Interrupt Enable Register is enabled (IER(3)), a 
change of state in a modem input signals will be reflected 
by the modem status bits in the IIR register, and an 
interrupt (INTRPT) is generated. The MSR is a priority 4 
interrupt. The contents of the Modem Status Register are 
described below: 


Note that the state (high or low) of the status bits are in- 
verted versions of the actual Input pins. 


MSR Bits 0 thru 7 


MSR BIT | MNEMONIC| DESCRIPTION 


MSR (1) Delta Data Set Ready 
MSR (2) Trailing Edge of Ring 
Indicator 

Delta Clear To Send 
Delta Data Carrier Detect 
Clear To Send 

Data Set Ready 

Ring Indicator 

Data Carrier Detect 


MSR (0) 


MSR (3) 
MSR (4) 
MSR (5) 
MSR (6) 
MSR (7) 


MSR(0) Delta Clear to Send (DCTS): DCTS indicates that 
the CTS input (Pin-36) to the 82C50A has changed state 
since the last time it was read by the CPU. 


MSR(1) Delta Data Set Ready (DDSR): DDSR indicates 
that the DSR input (Pin-37) to the 82C50A has changed 
state since the last time it was read by the CPU. 


MSR (2) Trailing Edge of Ring Indicator (TERI): TERI indi- 
cates that the RI input (Pin-39) to the 82C50A has 
changed state from Low to High since the last time it was 
read by the CPU. High to Low transitions on RI do not 
activate TERI. 


MSR(3) Delta Data Carrier Detect (DDCD): DDCD indi- 
cates that the DCD input (Pin-38) to the 82C50A has 
changed state since the last time it was read by the CPU. 


MSR (4) Clear to Send (CTS): Clear to Send (CTS) is the 
status of the CTS input (Pin-36) from the modem indicat- 
ing to the 82C50A that the modem is ready to receive data 
from the 82C50A transmitter output (SOUT). If the 
82C50A is in the loop mode (MCR(4)=1), MSR(4) is 
equivalent to RTS in the MCR. 


MSR(5) Data Set Ready (DSR): Data Set Ready (DSR) isa 
status of the DSR input (Pin-37) from the modem to the 
82C50A which indicates that the modem is ready to pro- 
vide received data to the 82C50A receiver circuitry. If the 
82C50A is in the loop mode (MCR(4)=1), MSR(5) is 
equivalent to DTR in the MCR. 
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MSR (6) Ring Indicator MSR(6): Indicates the status of the 
Rl input (Pin-39). If the 82C50A is in the loop mode 
(MCR(4)=1), MSR(6) is equivalent to OUT1 in the MCR. 


MSR(7) Data Carrier Detect (MSR(7)). Data Carrier 
Detect indicates the status of the Data Carrier Detect 
(DCD) input (Pin-38). If the 82C50A is in the loop mode 
(MCR(4)=1), MSR(4) 1s equivalent to OUT2 of the MCR. 


The modem status inputs (RI, DCD, DSR and CTS) reflect 
the modem Input lines with any change of status. Reading 
the MSR register will clear the delta modem status indica- 
tions but has no effect on the status bits. The status bits 
reflect the state of the input pins regardless of the mask 
control signals. Ifa DCTS, DDSR, TERI, or DDCD are true 
and a state change occurs during a read operation 
(DISTR, DISTR), the state change is not indicated in the 
MSR If DCTS, DDSR, TERI, or DDCD are false and a state 
change occurs during a read operation, the state change 
is indicated after the read operation. 


For LSR and MSR, the setting of status bits is inhibited 
during status register read (DISTR DISTR) operations. If 
a status condition is generated during a read (DISTR, 
DISTR) operation, the status bit is not set until the trailing 
edge of the read (DISTR, DISTR). 


if a status bit is set during a read (DISTR, DISTR) opera- 
tion, and the same status condition occurs, that status bit 
will be cleared at the trailing edge of the read (DISTR, 
DISTR) instead of being set again. 


Baud Rate Select Register (BRSR) 


The 82C50A contains a programmable Baud Rate Gener- 
ator (BRG) that divides the clock (DC to 10 MHz) by any 
divisor from 1 to 216-1 (see also BRG description). The 
output frequency of the Baud Generator is 16X the data 
rate [divisor # = frequency input + (baud rate x 16)]. Two 
8-bit divisor latch registers store the divisor in a 16 bit 
binary format. These Divisor Latch registers must be 
loaded during initialization. Upon loading either of the 
Divisor Latches, a 16-bit Baud counter is immediately 
loaded. This prevents long counts on initial load. 


Sample Divisor Number Calculation: 


Given: Desired Baud Rate 1200 Baud 
Frequency Input 1.8432 MHz 


Formula: Divisor # = Frequency Input + (Baud Rate x 16) 
Divisor # = 1843200 + (1200 x 16) 


Answer: Divisor # = 96 = 60HEx ® DLL = 01100000 
DLM = 00000000 


Check: The Divisor # 96 will divide the input frequency 
1.84382 MHz down to 19200 which is 16 times the 
desired baud rate. 


Divisor Latch Least Significant BYTE 


DLL (0) Bit 0 
DLL (1) Bit 1 
DLL (2) Bit 2 
DLL (3) Bit 3 
DLL (4) Bit 4 
DLL (5) Bit 5 
DLL (6) Bit 6 
DLL (7) Bit 7 


Divisor Latch Most Significant BYTE 


DLM (0) Bit 8 
DLM (1) Bit 9 

DLM (2) Bit 10 
DLM (3) Bit 11 
DLM (4) Bit 12 
DLM (5) Bit 13 
DLM (6) Bit 14 
DLM (7) Bit 15 


Receiver Buffer Register (RBR) 


The receiver circuitry in the 82C50A is programmable for 
5,6, 7 or 8 data bits per character. For words of less than 8 
bits, the data is right justified to the least significant bit 
(LSB = Data Bit 0 (RBR (0)). Data BitO of adata word (RBR 
(0)) is the first data bit received. The unused bits in a char- 
acter less than 8 bits are output low to the parallel output 
by the 82C50A. 


Received data at the SIN input pin is shifted into the 
Receiver Shift Register by the 16X clock provided at the 
RCLK input. This clock is synchronized to the incoming 
data based on the position of the start bit. When a 
complete character is shifted into the Receiver Shift 
Register, the assembled data bits are parallel loaded into 
the Receiver Buffer Register. The DR flag in the LSR 
register is set. 


Double buffering of the received data permits continuous 
reception of data without losing received data. While the 
Receiver Shift Register is shifting a new character into the 
82C50A, the Receiver Buffer Register is holding a previ- 
ously received character for the CPU to read. Failure to 
read the data in the RBR before complete reception of the 
next character result in the loss of the data in the Receiver 
Register. The OE flag in the LSR register indicates the 
overrun condition. 


RBR Bits 0 thru 7 


RBR (0) Data Bit 0 
RBR (1) Data Bit 1 
RBR (2) Data Bit 2 
RBR (3) Data Bit 3 
RBR (4) Data Bit 4 
RBR (5) Data Bit 5 
RBR (6) Data Bit 6 
RBR (7) Data Bit 7 
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Transmitter Holding Register (THR) 


The Transmitter Holding Register (THR) holds parallel 
data from the data bus (DO-D7) until the Transmitter Shift 
Register is empty and ready to accept a new character for 
transmission. The transmitter and receiver word length 
and number of stop bits are the same. If the character is 
less than eight bits, unused bits at the microprocessor 
data bus are ignored by the transmitter. 


Data Bit O (THR (0)) is the first serial data bit transmitted. 
The THRE flag (LSR (5)) reflect the status of the THR. The 
TEMT flag (LSR (6)) indicates if both the THR and TSR are 
empty. 


THR Bits 0 thru 7 


THR (0) Data Bit 0 
THR (1) Data Bit 1 
THR (2) Data Bit 2 
THR (3) Data Bit 3 
THR (4) Data Bit 4 
THR (5) Data Bit 5 
THR (6) Data Bit 6 
THR (7) Data Bit 7 


Scratchpad Register (SCR) 


SCR Bits 0 thru 7 


SCR (0) Data Bit 0 
SCR (1) Data Bit 1 
SCR (2) Data Bit 2 
SCR (3) Data Bit 3 
SCR (4) Data Bit 4 
SCR (5) Data Bit 5 
SCR (6) Data Bit 6 
SCR (7) Data Bit 7 
TABLE 2. 


This 8-bit Read/Write register has no effect on the 
82C50A. It is intended as a scratchpad register to be used 
by the programmer to hold data temporarily. 


INTERRUPT IDENTIFICATION 


BES Re 
ee 
a 


X = Not Defined, May Be 0 or 1 


First Receiver OE, PE, 
Line Status FE, or BI 


Received Receiver 
Data Data 
Available Available 


Interrupt Structure 
Interrupt Identification Register (IIR) 


The 82C50A has interrupt capability for interfacing to 
current microprocessors. In order to minimize software 
overhead during data character transfers, the 82C50A 
prioritizes interrupts into four levels. The four levels of 
interrupt conditions are as follows: 


1. Receiver Line Status (priority 1) 

2. Received Data Ready (priority 2) 

3. Transmitter Holding Register Empty (priority 3) 
4. Modem Status (priority 4). 


Information indicating that a prioritized interrupt is 
pending and the type of interrupt is stored in the Interrupt 
Identification Register (IIR). When addressed during chip 
select time, the IIR indicates the highest priority interrupt 
pending. No other interrupts are acknowledged until the 
interrupt is serviced by the CPU. The contents of the IIR 
are indicated in Table 2 and are described below. 


11R(0): IIR(O) can be used in either a hardwired prioritized 
or polled environment to indicate whether an interrupt is 
pending. When IIR(0) is low, an interrupt is pending, and 
the IIR contents may be used as a pointer to the 
appropriate interrupt service routine. When IIR(0) is high, 
no interrupt is pending. 


IIR(1) and HIR(2): IIR(1) and IIR(2) are used to identify the 
highest priority interrupt pending as indicated in Table 2. 


IIR(3) - IIR(7): These five bits of the IIR are logic 0. 
Interrupt Enable Register (IER) 

The Interrupt Enable Register (IER) is a Write register 
used to independently enable the four 82C50A interrupts 


which activate the interrupt (INTRPT) output. All 
interrupts are disabled by resetting IER(O) - IER(3) of 


INTERRUPT IDENTIFICATION REGISTER 
INTERRUPT SET AND RESET FUNCTIONS 


| PRIORITY INTERRUPT INTERRUPT 
BIT 2 BIT 1 BIT 0 LEVEL FLAG SOURCE 


INTERRUPT 
RESET CONTROL 


LSR Read 
RBR Read 


IIR Read if THRE is the 
interrupt source or 
THR Write 
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the Interrupt Enable Register. Interrupts are enabled by 
setting the appropriate bits of the IER high. Disabling the 
interrupt system inhibits the Interrupt Identification 
Register and the active (high) INTRPT output. All other 
system functions operate in their normal manner, 
including the setting of the Line Status and Modem Status 
Registers. The contents of the Interrupt Enable Register 
are indicated in Table 3 and are described below. 


lIER(O): When programmed high (IER(0)=Logic 1), 1ER(0) 
enables Received Data Available interrupt. 

IER(1): When programmed high (IER(1)=Logic 1), IER(1) 
enables the Transmitter Holding Register Empty 
interrupt. 

IER(2): When programmed high (IER(2)=Logic 1), |ER(2) 

enables the Receiver Line Status interrupt. 

IER(3): When programmed high (IER(3)=Logic 1), IER (3) 

enables the Modem Status interrupt. 


1ER(4) - IER(7): These four bits of the IER are logic 0. 


BR (LSR BIT 0} 
ERBFI (IER BIT 0) 


THRE (LSR BIT 5} 
ETBEI (IER BIT 1) 


OE {LSR BIT 1) 

PE (LSR BIT 2) 

FE (LSR BIT 3) 

BI (LSR BIT 4} 
ELS! (IER BIT 2) 
DCTS (MSR BIT 0) 
DOSR (MSR BIT 1) 
TERI (MSR BIT 2) 
DOCO (MSR BIT 3) 
EDSSI (JER BIT 3) 


FIGURE 1. 


TABLE 3. 82C50A ACCESSIBLE REGISTER SUMMARY 
(NOTE See Table 1 for how to access these registers) 


REGISTER BIT NUMBER 


REGISTER 


MNEMONIC BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
a a a a cee ec ae ee te et ee a el eae ee ee ee ee 


Data Data Data Data Data 
Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 
THR Data Data Data Data Data 
(Write mane ae Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 


rs a 


RBR 
(Read Only) 


Bit 6 


HR 
(Read Only) 


(DLAB) 
Divisor 
Latch 
Access 
Bit 


Holding 
Register 
Empty 


(DCD) (Rl) 


Data 
Carrier 
Detect 


Ring 
Indicator 


(PEN) 
Parity 
Enable 


Framing 
Error 


(DDCD) 
Delta 
Data 

Carrier 
Detect 


Data 
Bit 2 


Bit 2 


(ELSI) 
Enable 
Receiver 
Line 
Status 
Interrupt 


Interrupt 


(TERI) 
Trailing 
Edge 
Ring 
Indicator 


* LSB, Data Bit 0 Is the first bit transmitted or received. 
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i INTRPT 
PIN 30 


(ETBEl) 
Enable 
Transmitter 
Holding 
Register 
Empty 
Interrupt 


Interrupt 


(WLSB1) 
Word 
Length 
Select 


(RTS) 
Request 


Overrun 
Error 


82C50A INTERRUPT CONTROL STRUCTURE 


(ERBFI) 
Enable 
Received 
Data 
Available 
Interrupt 


“9” 1 F 
Interrupt 
Pending 


(WLSBO) 
Word 
Length 
Select 
Bit O 


(DTR) 
Data 
Terminal 
Ready 


7p) 

5 
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EE 
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a6 
O9 
Os 
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Os 
© 
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82C50A 


Transmitter 


The serial transmitter section consists of a Transmitter 
Holding Register (THR), Transmitter Shift Register 
(TSR), and associated contro! logic. The Transmitter 
Holding Register Empty (THRE) and Transmitter Shift 
Register Empty (TEMT) are two bits in the Line Status 
Register which indicate the status of THR and TSR. To 
transmit a 5-8 bit word, the word is written through D0O-D7 
to the THR. The microprocessor should perform a write 
operation only if THRE is high. The THRE is set high when 
the word is automatically transferred from the THR to the 
TSR during the transmission of the start bit. 


When the transmitter is idle, both THRE and TEMT are 
high. The first word written causes THRE to be reset to 0. 
After completion of the transfer, THRE returns high. 
TEMT remains low for at least the duration of the 
transmission of the data word. If a second character is 
transmitted to the THR, the THRE ts reset low. Since the 
data word cannot be transferred from the THR to the TSR 
until the TSR is empty, THRE remains low until the TSR 
has completed transmission of the word. When the last 
word has been transmitted out of the TSR, TEMT is set 
high THRE is set high one THR to TSR transfer time later. 


Receiver 


Serial asynchronous data is input into the SIN pin. The 
idle state of the line providing the input into SIN is high. A 
start bit detect circuit continually searches for a high to 
low transition from the idle state. When the transition is 
detected, a counter is reset, and counts the 16X clock to 7 
1/2, which is the center of the start bit. The start bit is valid 
if the SIN is still low at the mid bit sample of the start bit. 
Verifying the start bit prevents the receiver from assem- 
bling an incorrect data character due to a low going noise 
spike on the SIN input. 


The Line Control Register determines the number of data 
bits In a character (LCR(0), LCR(1)), number of stop bits 
LCR(2), if parity is used LCR(3), and the polarity of parity 
LCR(4). Status information for the receiver is provided in 
the Line Status Register. When a character is transferred 
from the Receiver Shift Register to the Receiver Buffer 
Register, the Data Received indication in LSR(0) is set 
high. The CPU reads the Reciver Buffer Register through 
DO-D7. This read resets LSR(0). if DO-D7 are not read 
prior to a new character transfer from the RSR to the RBR, 
the overrun error status indication is set in LSR(1). The 
parity check tests for even or odd parity on the parity bit, 
which precedes the first stop bit. If there is a parity error, 
the parity error is set in LSR(2). There ts circuitry which 
tests whether the stop bit is high. If itis not, a framing error 
indication is generated in LSR(3). 


The center of the start bit is defined as clock count 7 1/2. If 
the data into SIN is asymmetrical square wave, the center 
of the data cells will occur within + 3.125% of the actual 


center, providing an error margin of 46.875%. The start bit 
can begin as much as one 16X clock cycle prior-to being 
detected. 


Baud Rate Generator (BRG) 


The BRG generates the clocking for the UART function, 
providing standard ANSI/CCITT bit rates. The oscillator 
driving the BRG may be provided either with the addition 
of an external crystal to the XTAL1 and XTAL2 inputs, or 
an external clock into XTAL1. In either case, a buffered 
clock output, BAUDOUT, is provided for other system 
clocking. If two 82C50As are used on the same board, one 
can use a crystal, and the buffered clock output can be 
routed directly into the XTAL1 of the second 82CS50A. 


The data rate is determined by the Divisor Latch registers 
DLL and DLM and the external frequency or crystal input, 
with the BAUDOUT providing an output 16X the data rate. 
The bit rate is selected by programming the two divisor 
latches, Divisor Latch Most Significant Byte and Divisor 
Latch Least Significant Byte. Setting DLL=1 and DLM=0 
selects the divisor to divide by 1 (divide by 1 gives maxi- 
mum baud rate for a given input frequency at XTAL 1). 
The on-chip oscillator is optimized for a 10 MHz crystal. 
Usually, higher frequency are less expensive than lower 
frequency crystals. 


The BRG can use any of three different popular crystals to 
provide standard baud rates. The frequency of these three 
common crystals on the market are !.8432 MHz, 2.4576 
MHz, and 3.072 MHz. With these standard crystals, stan- 
dard bit rates from 50 to 38.5 kbps are available. The 
following tables illustrate the divisors needed to obtain 
standard rates using these three crystal frequencies. 


TABLE 4. BAUD RATES USING 1.8432 MHz CRYSTAL 


DIVISOR USED PERCENT ERROR 
DESIRED 


BAUD RATE 


TO GENERATE | DIFFERENCE BETWEEN 
16 x CLOCK 


DESIRED & ACTUAL 


82C50A 


TABLE 5. BAUD RATES USING 2.4576 MHz CRYSTAL TABLE 6. BAUD RATES USING 3.072 MHz Crystal 


DIVISOR USED PERCENT ERROR 
DESIRED TO GENERATE | DIFFERENCE BETWEEN 
BAUD RATE 16 x CLOCK DESIRED & ACTUAL 


DIVISOR USED PERCENT ERROR 
DESIRED TO GENERATE | DIFFERENCE BETWEEN 
BAUD RATE 16 x CLOCK DESIRED & ACTUAL 


Reset 

After powerup, the 82C50A Master Reset schmitt trigger and miscellaneous logic associated with these 
input (MR) should be held high for TMRW ns to reset the register bits are also cleared or turned off. Divisor 
82C50A circuits to an idle mode until initialization. A high Latches, Receiver Buffer Register, Transmitter 
on MR causes the following: Buffer Register are not effected. 


1. Initializes the transmitter and receiver internalclock Following removal of the reset condition (MR low), the 
counters. 82C50A remains in the idle mode until programmed. 


A hardware reset of the 82C50A sets the THRE and TEMT 
2. Clears the Line Status Register (LSR), except for status bit in the LSR. When interrupts are subsequently 
Transmitter Shift Register Empty (TEMT) and enabled, an interrupt occurs due to THRE. 
Transmit Holding Register Empty (THRE), which 
are set. The Modem Control Register (MCR) isalso A summary of the effect of a Master Reset on the 82C50A 
cleared. All of the discrete lines, memory elements is given in Table 7. 


”) 
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TABLE 7. 82C50A RESET OPERATIONS 


REGISTER/SIGNAL RESET CONTROL 


Interrupt Enable Register Master Reset All Bits Low (0-3 forced and 4-7 permanent) 
Interrupt Identification Master Reset Bit O is High, Bits 1 and 2 Low 
Register Bits 3-7 are Permanently Low 
Line Control Register Master Reset All Bits Low 
MODEM Control Register Master Reset All Bits Low 
Line Status Register Master Reset All Bits Low, Except Bits 5 and 6 are High 
MODEM Status Register Master Reset Bit 0-3 Low 
Bits 4-7 Input Signal 

SOUT Master Reset High 
Intrpt (RCVR Errs) Read LSR/MR Low 
Intrpt (RCVR Data Ready) Read RBR/MR Low 
Intrpt (THRE) Read IR/Write THR/MR Low 
intrpt (Modem Status Changes) Read MSR/MR Low 

Master Reset High 

Master Reset High 

Master Reset High 

Master Reset High 
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Programming 


The 82C50A is programmed by the control registers LCR, 
IER, DLL and DLM, and MCR. These control words define 
the character length, number of stop bits, parity, baud 
rate, and modem interface. 


While the control registers can be written in any order, the 
IER should be written to last because it controls the in- 
terrupt enables. Once the 82C50A is programmed and 
operational, these registers can be updated any time the 
82C50A is not transmitting or receiving data. 


The control signals required to access 82C50A internal 
registers are shown below. 


Software Reset 


A software reset of the 82C50A is a useful method for 
returning to a completely known state without a system 
reset. Such a reset consists of writing to the LCR, Divisor 
Latches, and MCR registers. The LSR and RBR registers 
should be read prior to enabling interrupts in order to 


clear out any residual data or status bits which may be in- 
valid for subsequent operation. 


Crystal Operation 


The 82C50A crystal oscillator circuitry is designed to 
operate with a fundamental mode, parallel resonant crys- 
tal. Table 8 shows the required crystal parameters and 
crystal circuit configuration, respectively. 


When using an external clock source, the XTAL1 input is 
driven and the XTAL2 output is left open. Power con- 
sumption when using an external clock is typically 50% of 
that required when using a crystal. This is due to the sinu- 
soidal nature of the drive circuitry when using a crystal. 


The maximum frequency of the the 82C50A is 10 MHz with 
an external clock or a crystal attached to XTAL1 and 
XTAL2. Using the external clock orcrystal, and a divide by 
one divisor, the maximum BAUDOUT is 10 MHz, and the 
maximum data rate is 625 Kbps. 


TABLE 8. TYPICAL CRYSTAL OSCILLATOR CIRCUIT 


PARAMETER 
SI a NEARER IRB FI VSP aE TE BD COPIES OAT ONES 


Frequency 


Type of Operation 
Load Capacitance(CL) 


Rseries (Max) 


10 to 10 MHz 

Parallel resonant, Fundamental mode 
20 or 32 pF (typ) 

100 ohms (f=10 MHz, CL=32 pF) 


200 ohms (f=19 MHz, CL=20 pF) 


XTALI 


XTAL2 | PIN 17 


T0 
BAUD RATE 
GENERATOR 
LOGIC 
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Specifications 82C50A 


Absolute Maximum Ratings 


Supply VOWAGC: oases heat ewseoewewe Kane 480VE  OlCy ica omaane mane hanes 10.5°C/W (Cerdip Package) 
Input, Output or I/O Voltage Applied ........ GND 30 5V10". Ojai iG iaie rt atdaee eeu 26.7°C/W (Cerdip Package) 

VCC 405V Gate-Counlsc 40206 ost asad ewrekeeaess 1788 Gates 
Storage Temperture Range............. -65°C to+150°C Junction Temperature............. 0000 e eee +175°C 
Maximum Package Power Dissipation............... 1W Lead Temperature (Soldering, 10s) ............. +300°C 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Operating Conditions 


Operating Voltage Range ............... +4.5V to+5.5V Operating Temperature Range 
C82C50A-5 ........... Bost Ge erst at heecett 0°C to +70°V 
IB2C50A-5: 5 ccc at nokia cunsereen dat -40°V to +85°C 
ME2050A=5 3222 cs evecsed Yet d chee 4 -55°C to +125°C 


DC Electrical Specifications VCC =5.0V + 10%; T, = 0°C to +70°C (C82C50A-5); 
Ta = -40°C to +85°C (I82C50A-5); 
Ta = -55°C to +125°C (M82C50A-5) 


SYMBOL PARAMETER )owmin | MAX UNITS TEST CONDITIONS 
Logical One Input Voltage V I82C50A-5, C82C50A-5 
V M82C50A-5 


2.0 
22 
20 
2.2 


VTH Schmitt Trigger Logic One Input 
Voltage MR Input 
I82C50A-5, C82C50A-5 
V 


M82C50A-5 


MR Input 


VIH 

VIL 
VTL Schmitt Trigger Logic Zero Input 

Voltage 
( 
) 

OH 
VOL 


Input Leakage Current -1.0 +1.0 VIN = GND or VCC, DIP Pins 


9, 10, 12, 13, 14, 18, 19, 21, 
22, 25-28, 35-39 


LA VO = GND or VCC, DIP Pins 1-8 


External Clock 
F = 2.4576MHz, VCC = 5.5V, 


b- 10 | Input/Output Leakage Current +100 
VIN = VCC or GND, Outputs 


iCCOP Operating Power Supply Current ; 
Open 


ICCSB Standby Supply Current 100 MA VCC = 5.5V, VIN = VCC or 
GND, Outputs Open 


Capacitance Ta, = 25°C 
ments are referenced to 


device GND 


= 


”) 

VIH(CLK) Logical One Clock Voltage VCC-0.8 External Clock 5 
VIL(CLK Logical Zero Clock Voltage External Clock : > 
Output High Voltage 3.0 IOH = -25mA aks) 

VCC-0 4 IOH = -100uA N2 

i 05 

Output Low Voltage IOL = +2.5mA, _s 

Os 

O 

O 


oO 
BN 
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Specifications 82C50A 


AC Specifications VCC = 5.0V + 10% 
Ta = 0°C to +70°C (C82C50A-5) 
Ta = -40°C to +85°C (I82C50A-5) 
Ta = -55°C to +125°C (M82C50A-5) 


Timing Requirements 


82C50A-5 


SYMBOL PARAMETER 


(1) TAW Address Strobe Width 
(2) TAS Address Setup Time 


(3) TAH Address Hold Time 


Chip Select Setup Time 
Chip Select Hold Time 

DISTR DISTR Strobe Width 150 
Read Cycle Delay 270 
Read Cycle = TAR +TDIW +TRC 


DISTR DISTR to Driver Disable Delay 


"ToD Delay From DISTR DISTR to Data 

DISTR DISTR to Floating Data Delay 
DOSTR DOSTR Strobe Width 150 
Write Cycle Delay 


Write Cycle = TAW+TDOW+TWC 
15) Tops Data Setup Time 


(16) TDOH Data Hold Time 


NOTE 1: “When using the 82C50A in the multiplexed mode (ADS operational), it will operate in 80C86/88 systems with a 
maximum 3 MHz operating frequency.” 


N 
ai 


120 


S 
+ 
Oo 
o)] 
0 


= 
So 
N 
a 


270 
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Specifications 82C50A 


AC Specifications VCC = 5.0V + 10% 

Ta = 0°C to +70°C (C82C50A-5) 

Ta = -40°C to +85°C (I82C50A-5) 
Timing T, = -55°C to +125°C (M82C50A-5) 


82C50A-5 
PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 


DEMULTIPLEXED OPERATION 


SYMBOL 


Chip Select Output Delay from Select 125 


=] 
wn 


(17)Tosco 
18) Tan Address Hold Time from DISTR DISTR 

Chip Select Hold Time from DISTR DISTR 
DISTR DISTR Delay from Address 

DISTR DISTR Delay from Chip Select 
Address Hold Time from DOSTR DOSTR 

23) Twcs | Chip Select Hold Time from DOSTR DOSTR 
24) Taw | DOSTR DOSTR Delay from Address 

25) Tcsw | DOSTR DOSTR Delay from Select 


3 
n 


2 


=) 
” 


) TRCS 
TAR 

21) TCSR 
22) TWA 


20 


par 
oO 
a= 


po) 
n 


2 
20 


i=) 


— FF LS~ 


ie) 
om 2) 


19) 
j=) 
© 
=) 
” 


_ 


26) TmRw { Master Reset Pulse Width 


: 


27) TXH Duration of Clock High Pulse 
28) TxL Duration of Clock Low Pulse 
BAUD GENERATOR 


(29) N 


=) 
n 


n 


pe ed 
O;o 


—_ 


216-1 


Ba 
© 


| 
wn 


Baud Divisor 
250 
250 


) TBLD Baud Output Negative Edge Delay 


@ 
oO 
5 
7) 


Baud Output Positive Edge Delay 
Baud Output Down Time 


~ 
” 


(32) TLW TxL = 50ns 


(33) THW 
RECEIVER 


Baud Output Up Time TXH = 50ns 


2 
4 
w 
I 
O 


_ 


ns 
BAUDOUT 
Cycles 


50 

3 

50 | 
24 

32 


34) Tgcp | Delay from RCLK to Sample Time 


Yv) 

5 
- 
EE 
<x 
a6 
ae 
6s 
se 
oS 
oO 
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(35) TSjNT | Delay from Stop to Set Interrupt 


36) TRINT | Delay from DISTR DISTR (RD RBR) to 
Reset Interrupt 


TRANSMITTER 


_ 


2 
2 


>) 
n 


Delay from DOSTR DOSTR to Reset Interrupt 


Delay from Initial INTR Reset to 
Transmit Start 


(38) TIRS Eee 
ycles 


el 


BAUDOUT 
Cycles 


BAUDOUT 
Cycles 


= 
oO 


” 


(39)T S| Delay from Initial Write to Interrupt 


(40) STI Delay from Stop to Interrupt (THRE) 


41) Tir Delay from DISTR DISTR (RD IIR) to Reset 
Interrupt (THRE) 


MODEM CONTROL 
Delay from DOSTR DOSTR to Output 


— 


24 
250 


500 
500 


(42) TMDO 
(43) TSIM 
44) TRIM 


Delay to Set Interrupt from Modem Input 


Delay to Reset Interrupt from DISTR DISTR 


(RD MSR) 500 


5 


5 
—_ 
<e) 
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A.C. Test Circuit 


Tow Te fw [a [a 
SS IES a TES CR TE EE! 


TEST CONDITION DEFINITION TABLE 


OUTPUT FROM DEVICE 


TEST POINT 
UNDER TEST 


—=C1 (INCLUDES STRAY AND 
i JIG CAPACITANCE) 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 
VIH +0.4V VOH 


1.5V 1.5V 
VIL -0.4V VOL 


A.C Testing: All input signals must switch between VIL -0.4V and VIH +0 4V Input rise 
and fall times are driven at 1nsec per volt 


Timing Waveforms 
tXH 


| (27) | 
2.0V 2.0V 2.0V 
XTAL1 0.8V 0.8V 0.8V 
tXL 
(28) 
EXTERNAL CLOCK INPUT AC TEST POINTS 
(29) 


ne 


XTALI TLL L LLY LYALL 
(31) BHD ———] 


(30) mralayile | b— Hwa) 
BAUD OUT | 
(+1) 
a | a tLW(32) 
—__(3018LI— aS ee bt. W(32) 
BAUD OUT 
(=2) UU We UU 
(30) ol (32) 
(BLD ee —+| thw b- tlw 
BAUD OUT 


[+3] 


(31) 
BAUD OUT wt = -—tBHD |.—(32)___| tLw = 2xTALI CYCLES 


(-N, N > 3} 
f-—{)__--] thw = (N - 2} XTALI CYCLES 


BAUDOUT TIMING 


NOTE: tBLD (+1) ts the only spec measure from XTL1 falling edge. All other 
tBLD’s and tBHD’s are measured from XTAL1 rising edge. 
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Timing Waveforms 


ADS 
Ag, Ay. Ag 


TSo. CS}. CSp 


CSOUT 


DOSTR/DOSTR 


DISTR/DISTR 


DATA 
00-07 


82C50A 


b— (AW 


[{) AS foo tAH(3) 


2 
| fics po (CH (5) 


— 
|~——— tCSW* (25) | (14) 
aw = 
ACTIVE X ACTIVE 
| Y ACTIVE 


(15) t0S=}+-t0H->|(16) 


* Applicable only when ADS is tied low 


ADS 
Ag, Ay. Ag 


CS2, CS}. CSp 


cee eoeenm cea 


CSOUT 


WRITE CYCLE 


Le {hs >be aH (3) 
| ed fo tcc) 


— 
DX vu X eee eerie 


| tcSC*——>|(17) + tacs*+4(19) 


| }~-— tCSR* (21) 
tAR* 
(20) —10 eee c—-—-| | 
DISTA/DISTR 7 ACTIVE 


DOSTR/DOSTR 


oD)S 


DATA 
09-07 


| 
| | ACTIVE 


toon bi) Lee] tz (11) 


VALID DATA 


* Applicable only when ADS 1s tied low 


READ CYCLE 
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82C50A 


Timing Waveforms 


RCLK l] [| | 


+8 CLKs————__—+J l-— 180 (34) 
SAMPLE CLK 


SIN PARITY 


a er START DATA BITS (5-8) STOP 


DATA) 


SAMPLE 
CLK 


INTERRUPT —+| as) 


(DATA READY OR 
RCVR ERR) | 
panera ant (36) (RINT 
DISTR/DISTR @ 
(READ REC ACTIVE 
DATA BUFFER 
OR ROLSR) 


RECEIVER TIMING 


START PARITY START 


SERIAL OUT Sia 
sonr ne 5-8) XX  Ystor 1-2) 
= tIRS t$T1(40) 


(THRE) oa sal He : 
haar 
DOSTR/DOSTR @ (39) 
(WR THR) / \ / \ 
[tn (49) 


DISTR/DISTR @ 
{RD tR) / N\ 


TRANSMITTER TIMING 


ACTIVE ACTIVE 
(WR MCR} 


(2) ie (42) " {M00 = 
__ATS, OTR i: a Al 
OUTI, OUT2 


CTS, DSR. OCD / \ 
INTERRUPT | Ica. - N ‘Gini / 


(43)tSIM im os sie {SIM (43) 


DISTR/DISTR @ 
{RO MSR} 


Rl ACTIVE | 


NOTE 1 See Write Cycle Timing 
NOTE 2 See Read Cycle Timing 


MODEM CONTROLS TIMING 
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B HARRIS 82052 


REFERENCE APP NOTE 108 


January 1992 CMOS Serial Controller Interface 
Features Pinouts 
¢ Single Chip UART/BRG 28 LEAD DIP 


TOP VIEW 


¢ DC to 16MHz (1M Baud) Operation 

¢ Crystal or External Clock Input 

¢ On-Chip Baud Rate Generator - 72 Selectable Baud Rates 

e Interrupt Mode With Mask Capability 

¢ Microprocessor Bus Oriented Interface 

¢ 80C86 Compatible 

e Single +5V Power Supply 

© Low Power Operation ......... 0c cece wee c cece cane 1mA/MHz Typical 
¢ Modem Interface 

e Line Break Generation and Detection 


e Operating Temperature Range: 


PBC 28 ce eateries enw owee te estan sears batelews O0°C to +70°C 

PAS ZOO? eieacee ede cde pees ea tones eee eds -40°C to +85°9C 

PMI G2 C02 sd Bot rion eee ee eee es ees oe ee Ys -559C to +125°C 
Description 
The Harris 82C52 is a high performance programmable Universal Asynchro- 28 LEAD PLCC AND LCC 
nous Receiver/Transmitter (UART) and Baud Rate Generator (BRG) on a TOP VIEW 


single chip. Utilizing the Harris advanced Scaled SAJI IV CMOS process, the 
82C52 will support data rates up to 1M baud asynchronously with a 16X 
clock (16MHz clock frequency). 


The on-chip Baud Rate Generator can be programmed for any one of 72 ma 
different baud rates using a single industry standard crystal or external en 
frequency source. A unique pre-scale divide circuit has been designed to RST 
provide standard RS-232-C baud rates when using any one of three industry TBRE 
standard crystals (1.8432 MHz, 2.4576 MHz, or 3.072 MHz). co 
A programmable buffered clock output (CO) is available and can be RTS 
programmed to provide either a buffered oscillator or 16X baud rate clock for DTR 


general purpose system usage. 1428438 14e ee 


Ordering Information 


Ne sane eee nme 
IR See aes eee 


-559C to +125°9C MD82C52/B 
8501501XA 
-559C to +125°9C MR82C52/B 
85015013A 
Copyright © Harris Corporation 1991 File Number 29 50 
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82C52 


Block Diagram 


BUS 
BUFFER 


REGISTERS 


READ/MWRITE 
CONTROL 
LOGIC 


TRANSMITTER TRANSMITTER 


BUFFER [~~ >] REGISTER 
REGISTER P—»S 


RECEIVER RECEIVER 


C ____] BUFFER REGISTER 


REGISTER 


PROGRAM - 
MABLE 
BAUD RATE 
GENERATOR 


INTERNAL DATA BUS 


MODEM 
CONTROL & 
STATUS 
REGISTERS 


23 
emetic 
RST CONTROL 
LOGIC 
INTR 24 


i 
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22 
26 


15 


TBRE 
DR 


SDO 


SDI 


Pin Description 82C52 


ACTIVE 
SYMBOL TYPE | LEVEL DESCRIPTION 


READ: The RD input causes the 82C52 to output data to the data bus (DO-D7). The data output 
depends upon the state of the address inputs (AO-A1). CSO enables the RD input. 


WRITE: The WR input causes data from the data bus (DO-D7) to be input to the 82C52. 
Addressing and chip select action is the same as for read operations. 


DO-D7 3-10 JO High DATA BITS 0-7: The Data Bus provides eight, three-state input/output lines for the transfer of data 
control and status information between the 82C52 and the CPU. For character formats of less 
than 8 bits, the corresponding D7, D6 and D5 are considered “don’t cares” for data WRITE operations 
and are O for data READ operations. These lines are normally in a high impedance state except 
during read operations. DO is the Least Significant Bit (LSB) and is the first serial data bit to be 
received or transmitted 


AO, A1 11,12 High ADDRESS INPUTS: The address lines select the various internal registers during CPU bus 
operations. 

IX, OX 13,14 CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate Generator. IX can also be used 
as an external clock input in which case OX should be left open. 


logic one (high) and Space (0) is logic zero (low). SDO is held in the Mark condition he CTSis 


false, when RST is true, when the Transmitter Register is empty, or when in the Loop Mode. 


17 Ow CLEAR TO SEND: The logical state of the CTS line is reflected in the CTS bit of the Modem Status 
Register. Any change of state in CTS causes INTR to be set true when INTEN and MIEN are true. 
A false level on CTS will inhibit transmission of data on the SDO output and will hold SDO in the 
Mark (high) state. If CTS goes false during transmission, the current character being transmitted 
will be completed. CTS does not affect Loop Mode operation. 


DSR 18 Low DATA SET READY: The logical state of the DSR line is reflected in the Modem Status Register. Any 
change of state of DSR will cause INTR to be set if INTEN and MIEN are true. The state of this 


signal does not affect any other circuitry within the 82C52. 


DTR 19 Low DATA TERMINAL READY: The DTR signal can be set (low) by writing a logic 1 to the appropriate bit 
in the Modem Control Register (MCR). This signal is cleared (high) by writing a logic 0 in the DTR 


bit in the MCR or whenever a reset (RST = high) is applied to the 82C52. 


RTS 20 Low REQUEST TO SEND: The RTS signal can be set (low) by writing a logic 1 to the appropriate bit in 
| the MCR. This signal is cleared (high) by writing a logic O to the RTS bit in the MCR or whenever 


a reset (RST = high) is applied to the 82C52. 


CO 21 CLOCK OUT: This output is user programmable to provide either a buffered IX output or a buffered 
Baud Rate Generator (16X) clock output. The buffered IX (Crystal or external clock source) output 
is provided when the Baud Rate Select Register (BRSR) bit 7 is set to a zero. Writing a logic one 
to BRSR bit 7 causes the CO output to provide a buffered version of the internal Baud Rate 
Generator clock which operates at sixteen times the programmed baud rate. On reset D7 (CO select) 
is reset to O. 

TBRE 22 High TRANSMITTER BUFFER REGISTER EMPTY: The TBRE output is set (high) whenever the 
Transmitter Buffer Register (TBR) has transferred its data to the Transmit Register. Application 
of a reset (RST) to the 82C52 will also set the TBRE output. TBRE is cleared (low) whenever data 
is written to the TBR. 


RST 23 High RESET: The RST input forces the 82C52 into an “Idle” mode in which all serial data activities are 
suspended. The Modem Control Register (MCR) along with its associated outputs are cleared. The 
UART Status Register (USR) is cleared except for the TBRE and TC bits, which are set. The 
82C52 remains in an “Idle” state until programmed to resume serial data activities. The RST 
input is a Schmitt triggered input. 


INTR 24 High INTERRUPT REQUEST: The INTR output is enabled by the INTEN bit in the Modem Control Register 
(MCR). The MIEN bit selectively enables modem status changes to provide an input to the INTR logic. 
Figure 9 in Design Information shows the overall relationship of these interrupt control signals. 


High SERIAL DATA INPUT: Serial data input to the 82C52 receiver circuits. A Mark (1) is high, anda 
Space (0) is low. Data inputs on SDI are disabled when operating in the loop mode or when RST is true. 


26 High DATA READY: A true level indicates that a character has been received, transferred to the RBR, and 
is ready for transfer to the CPU. DR is reset on a data READ of the Receiver Buffer Register (RBR) 
or when RST is true. 

High VCC: +5V postive power supply pin. A 0.1 pF déesupling capacitor from VCC (Pin 27) to GND 
(Pin 16) is recommended. 
op CHIP SELECT: The chip select input acts as an snable signal for the RD and WR input signals. 
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Reset 


During and after power-up, the 82C52 Reset Input (RST) 
must be held high for at least two IX clock cycles in order to 
initialize and drive the 82C52 circuits to an idle mode until 
proper programming can be done. A high on RST causes the 
following events to occur: 


e Resets the internal Baud Rate Generator (BRG) circuit 
clock counters and bit counters. The Baud Rate Select 
Register (BRSR) is not affected (except for bit 7 which is 
reset to 0). 


© Clears the UART Status Register (USR) except for Trans- 
mission Complete (TC) and Transmit Buffer Register Emp- 
ty (TBRE) which are set. The Modem Control 
Register (MCR) is also cleared. All of the discrete lines, 
memory elements and miscellaneous logic associated 
with these register bits are also cleared or turned off. Note 
that the UART Control Register (UCR) is not affected. 


Following removal of the reset condition (RST = low), the 
82C52 remains in the idle mode until programmed to its 
desired system configuration. 


Programming The 82C52 


The complete functional definition of the 82C52 is pro- 
grammed by the systems software. A set of control words 
(UCR, BRSR and MCR) must be sent out by the CPU to 
initialize the 82C52 to support the desired communication 
format. These control words will program the character 
length, number of stop bits, even/odd/no parity, baud rate, 
etc. Once programmed, the 82C52 is ready to perform its 
communication functions. 


The control registers can be written to in any order. Howev- 
er, the MCR should be written to last because it controls the 
interrupt enables, modem control outputs and the receiver 
enable bit. Once the 82C52 is programmed and operation- 
al, these registers can be updated any time the 82C52 is not 
immediately transmitting or receiving data. 


Table A. shows the control signals required to access 
82C52 internal registers. 


UART Control Register (UCR) 


The UCR is a write only register which configures the UART 
transmitter and receiver circuits. Data bits D7 and D6 
are not used but should always be set to a logic zero (0) in 
order to insure software compatibility with future product 
upgrades. During the Echo Mode, the transmitter always 
repeats the received word and parity, even when the UCR is 
programmed with different or no parity. See Figure 1. 


TABLE A. 


fess[ ar [no [wa [RB | _oPenarion 
Data Bus—>Transmitter Buffer 
Register (TBR) 
1 Receiver Buffer 
Register (RBR)—»Data Bus 
1 Data Bus—UART Control 
Register (UCR) 
1 UART Status 
Register (USR)}—Data Bus 
Data Bus—»Modem Control 
Register (MCR) 


a | 
Pee 
we 
ao MCR->Data Bus 
1 Data Bus—Bit Rate Select 
Register (BRSR) 
Modem Status 
Register (MSR)— Data Bus 


1 1 


wi 
ies bl 


STOP BIT 
SELECT 


O= 1 STOP BIT 

i= 1.5 STOP BITS (Tx) 
AND 1 STOP BIT 

(Rx) IF 5 DATA BITS 
SELECTED 1 = 2 STOP 
BITS FOR 6, 70OR 8 
DATA BITS SELECTED 


000 = Tx AND Rx EVEN 
001 = Tx AND Rx ODD 
010 = Tx EVEN, Rx ODD 
011 = Tx ODD, Rx EVEN 
100 = Tx EVEN, Rx CHECK 
DISABLED 

101 = Tx ODD, Rx CHECK 
DISABLED 

11X = GENERATION AND 
CHECK DISABLED 


b» PARITY 
CONTROL 


> WORD 
LENGTH 
SELECT 


oOo = S BITS 
01= 6BITS 
10 = 7 BITS 
11= 8BITS 


SET TO 00 FOR 
FUTURE PRODUCT 


UPGRADE 
COMPATIBILITY 


> RESERVED 


FIGURE 1. 
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Baud Rate Select Register (BRSR) 


The 82C52 is designed to operate with a single crystal or 
external clock driving the IX input pin. The Baud Rate Select 
Register is used to select the divide ratio (one of 72) for the 
internal Baud Rate Generator circuitry. The internal circuitry 
is separated into two separate counters, a Prescaler and a 
Divisor Select. The Prescaler can be set to any one of four 
division rates, +1, +3, +4, or +5. 


The Prescaler design has been optimized to provide 
standard baud rates using any one of three popular crystal 
frequencies. By using one of these common system clock 
frequencies, 1.8432MHz, 2.4576MHz or 3.072MHz and 
Prescaler divide ratios of +3, +4, or +5 respectively, the 
Prescaler output will provide a constant 614.4KHz. When 
this frequency is further divided by the Divisor Select 
counter, any of the standard baud rates from 50 Baud to 
38.4 Kbaud can be selected (see Table B). Non-standard 
baud rates up to 1Mbaud can be selected by using different 
input frequencies (crystal or an external frequency input up to 
16MHz) and/or different Prescaler and Divisor Select ratios. 


Regardless of the baud rate, the baud rate generator pro- 
vides a clock which is 16 times the desired baud rate. For 
example, in order to operate at a 1Mbaud data rate, a 
16MHz crystal, a Prescale rate of +1, and a Divisor Select 
rate of “external” would be used. This would provide a 
16MHz clock as the output of the Baud Rate Generator to 
the Transmitter and Receiver circuits. 


The CO select bit in the BRSR selects whether a buffered 
version of the external frequency input (IX input) or the Baud 
Rate Generator output (16x baud rate clock) will be output 
on the CO output (pin 21). The Baud Rate Generator output 
will always be a 50% nominal duty cycle except when “ex- 
ternal” is selected and the Prescaler is set to +3 or +5. 


BRSR 
palnelesfealps oe |Piee 
PRESCALER OO= --1 
SELECT o1= =-3 
10= +4 
11= +5 
 Saterteenesesremiwcrssee a DIVISOR 00000 = 2 
SELECT 00001 = --4 
00010 = ~ 16/3 
oo0o011= ->8 
00100 = -- 32/3 
00101 = +16 
00110 = — 58/3 
00111 = ->+ 22 
01000 = --32 
01001 = 64 
01010 = > 128 
01011 = -— 192 
01100 = —- 256 
01101 = — 288 
01110 = +352 
Oo1111= +512 
10000 = — 768 
7 11111 = EXTERNAL ( -> 1) 


> CO SELECT O= IX OUTPUT 
1 = BRG OUTPUT 
ION RESET, D7 (CO - 
SELECT) IS RESET TO 0] 


FIGURE 2. 


TABLE B. 


BAUD RATE DIVISOR 


External 


NOTE These baud rates are based upon the following input frequency/ 
Prescale divisor combinations 
1 8432MHz and Prescale = +3 
2 4576MHz and Prescale = +4 
3 O72MHZ and Prescale = +5 


*All baud rates are exact except for: 


PERCENT 
BAUD RATE ACTUAL ERROR 


1745.45 
1986.2 
133.33 

109.09 


Modem Control Register 


The MCR is a general purpose control register which can be 
written to and read from. The RTS and DTR outputs are 
directly controlled by their associated bits in this register. 
Note that a logic one asserts a true logic level (low) at these 
output pins. The Interrupt Enable (INTEN) bit is the overall 
control for the INTR output pin. When INTEN is false, INTR 
is held false (low). 


The Operating Mode bits configure the 82C52 into one of 
four possible modes. “Normal” configures the 82C52 for 
normal full or half duplex communications. “Transmit 
Break” enables the transmitter to only transmit break char- 
acters (Start, Data and Stop bits all are logic zero). The Echo 
Mode causes any data that is received on the SDI input pin 
to be retransmitted on the SDO output pin. Note that this 
output is a buffered version of the data seen on the SDI 
input and is not a resynchronized output. Also note that 
normal UART transmission via the Transmitter Register is 
disabled when operating in the Echo mode (see Figure 4). 
The Loop Test Mode internally routes transmitted data 
to the receiver circuitry for the purpose of self test. The 
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transmit data is disabled from the SDO output pin. The 
Receiver Enable bit gates off the input to the receiver 
circuitry when in the false state. 


Modem Interrupt Enable will permit any change in modem 
status line inputs (CTS, DSR) to cause an interrupt when 
this bit is enabled. Bit D7 must always be written to with a 
logic zero to insure correct 82C52 operation. 


O= RTS OUTPUT HIGH* 
1 = RTS OUTPUT LOW 


REQUEST TO 
SEND (RTS) 


0 = DTR OUTPUT HIGH 
1= DTR OUTPUT LOW 


DATA TERMINAL 
READY (DTR) 


INTERRUPT 
ENABLE (INTEN) 


1 = INTERRUPTS ENABLED 
0 = INTERRUPTS DISABLED 


MODE SELECT 00 = NORMAL 

01 = TRANSMIT BREAK 
10 = ECHO MODE 

11 = LOOP TEST MODE 
RECEIVER 
ENABLE (REN) 


0 = NOT ENABLED 
1= ENABLED 


MODEM INTERRUPT O= NOT ENABLED 
ENABLE (MIEN) 1 = ENABLED 


MUST BE SET TO A LOGIC 0 FOR 
NORMAL 82C52 OPERATION 


*See Modem Status Register description for a description of register flag 
images with respect to output pins. 


FIGURE 3. 
SERIAL DATA 
FROM 


O 
TRANSMITTER 
REGISTER 


ECHO MODE 


SERIAL. DATA 
TO RECEIVER 
REGISTER 


FIGURE 4. LOOP AND ECHO MODE FUNCTIONALITY 


UART Status Register (USR) 


The USR provides a single register that the controlling sys- 
tem can examine to determine if errors have occurred or if 
other status changes in the 82C52 require attention. For 
this reason, the USR is usually the first register read by the 
CPU to determine the cause of an interrupt or to poll the 
status of the 82C52. 


Three error flags OE, FE and PE report the status of any 
error conditions detected in the receiver circuitry. These 
error flags are updated with every character received during 
reception of the stop bits. The Overrun Error (OE) indicates 
that a character in the Receiver Register has been received 
and cannot be transferred to the Receiver Buffer Register 
(RBR) because the RBR was not read by the CPU. Framing 
Error (FE) indicates that the last character received in the 


RBR contained improper stop bits. This could be caused by 
the absence of the required stop bit(s) or by a stop bit(s) that 
was too short to be properly detected. Parity Error (PE) indi- 
cates that the last character received in the RBR contained 
a parity error based on the programmed parity of the receiv- 
er and the calculated parity of the received character data 
and parity bits. 


The Received Break (RBRk) status bit indicates that the last 
character received was a break character. A break charac- 
ter would be considered to be an invalid data character in 
that the entire character including parity and stop bits are a 
logic zero. 


The Modem Status bit is set whenever a transition is de- 
tected on any of the Modem input lines (CTS or DSR). A 
subsequent read of the Modem Status Register will show 
the state of these two signals. Assertion of this bit will cause 
an interrupt (INTR) to be generated if the MIEN and INTEN 
bits in the MCR register are enabled. 


The Transmission Complete (TC) bit indicates that both the 
TBR and Transmitter Registers are empty and the 82C52 
has completed transmission of the last character it was com- 
manded to transmit. The assertion of this bit will cause an 
interrupt (INTR) if the INTEN bit in the MCR register is true. 


The Transmitter Buffer Register Empty (TBRE) bit indicates 
that the TBR register is empty and ready to receive another 
character. 


The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and that 
the CPU may access this data. 


Assertion of the TBRE or DR bits do not affect the INTR 
logic and associated INTR output pin since the 82C52 has 
been designed to provide separate requests via the DR and 
TBRE output pins. If a single interrupt for any status change 
in the 82C52 is desired this can be accomplished by using 
an 82C59A Interrupt controller with DR, TBRE, and INTR as 
inputs. (See Figure 11). 


USR 
|07|6]D5]04] D3] D2] D1] Do) 
PARITY ERROR 0 = NO ERROR 
(PE) 1= ERROR 
FRAMING ERROR 0 = NO ERROR 
(FE) 1= ERROR 
OVERRUN ERROR 0 = NO ERROR 
(OE) 1= ERROR 
RECEIVED BREAK 0 = NO BREAK 
(RBRK) 1 = BREAK 


0 = NO STATUS CHANGE 


MODEM STATUS 
(MS) 1 = STATUS CHANGE 


TRANSMISSION 0 = NOT COMPLETE 
COMPLETE (TC) fer COMPLETE 
TRANSMITTER 0 = NOT EMPTY 
BUFFER REGISTER Z 
EMPTY (TBRE) LeTeeny, 

DATA READY 0 = NOT READY 
(DR) 1 = READY 
FIGURE 5. 
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Modem Status Register (MSR) 


The MSR allows the CPU to read the modem signal inputs 
by accessing the data bus interface of the 82C52. Like all of 
the register images of external pins in the 82C52, true logic 
levels are represented by a high (1) signal level. By follow- 
ing this consistent definition, the system software need not 
be concerned with whether external signals are high or low 
true. In particular, the modem signal inputs are low true, 
thus a0 (true assertion) at a modem input pin is represented 
by a 1 (true) in the MSR. 


Any change of state in any modem input signals will set 
the Modem Status (MS) bit in the USR register. When this 
happens, an interrupt (INTR) will be generated if the MIEN 
and INTEN bits of the MCR are enabled. 


The Data Set Ready (DSR) input is a status indicator from the 
modem to the 82C52 which indicates that the modem is 
ready to provide received data to the 82C52 receiver circuitry. 


Clear to Send (CTS) is both a status and control signal from 
the modem that tells the 82C52 that the modem is ready to 
receive transmit data from the 82C52 transmitter output 
(SDO). A high (false) level on this input will inhibit the 82C52 
from beginning transmission and if asserted in the middle of 
a transmission will only permit the 82C52 to finish transmis- 
sion of the current character. 


MSR 
CLEAR TO 0 = FALSE 
SEND (CTS) 1= TRUE 
» DATA SET 0 = FALSE 
READY (DSR) 1= TRUE 


UNDEFINED 


FIGURE 6. 
Receiver Buffer Register (RBR) 


The receiver circuitry in the 82C52 is programmable for 5, 
6, 7 or 8 data bits per character. For words of less than 8 
bits, the data is right justified to the Least Significant Bit 
(LSB = DO). Bit DO of a data word is always the first data bit 
received. The unused bits in a less than 8 bit word, at the 
parallel interface, are set to a logic zero (0) by the 82C52. 


Received data at the SDI input pin is shifted into the Receiver 
Register by an internal 1x clock which has been synchro- 
nized to the incoming data based on the position of the start 
bit. When a complete character has been shifted into the 
Receiver Register, the assembled data bits are parallel 
loaded into the Receiver Buffer Register. Both the DR out- 


put pin and DR flag in the USR register are set. This double 
buffering of the received data permits continuous reception 
of data without losing any of the received data. 


While the Receiver Register is shifting a new character 
into the 82C52, the Receiver Buffer Register is holding a 
previously received character for the system CPU to read. 
Failure to read the data in the RBR before complete recep- 
tion of the next character can result in the loss of the data 
in the Receiver Register. The OE flag in the USR register 
indicates the overrun condition. 


5 BIT 
WORD 


6 BIT 
WORD 


7 BIT 
WORD 


Ie 


8 BIT 
WORD 


Ie 


FIGURE 7. 


Transmitter Buffer Register (TBR) 


The Transmitter Buffer Register (TBR) accepts parallel data 
from the data bus (DO-D7) and holds it until the Transmitter 
Register is empty and ready to accept a new character for 
transmission. The transmitter always has the same word 
length and number of stop bits as the receiver. For words of 
less than 8 bits the unused bits at the microprocessor data 
bus are ignored by the transmitter. 


BIT 2 5 BIT 
WORD 


BIT 3 6 BIT 
WORD 


BIT 4 7 BIT 
WORD 


BIT 5 8 BIT 
WORD 
BIT 6 


BIT 7 


FIGURE 8. 
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Bit 0, which corresponds to DO at the data bus, is always 
the first serial data bit transmitted. Provision is made for the 
transmitter parity to be the same or different from the receiv- 
er. The TBRE output pin and flag (USR register) reflect the 
status of the TBR. The TC flag (USR register) indicates when 
both TBR and TR are empty. 


82C52 Interrupt Structure 


The 82C52 has provisions for software masking of inter- 
rupts generated for the INTR output pin. Two control bits in 
the MCR register, MIEN and INTEN, control modem status 
interrupts and overall 82C52 interrupts respectively. Figure 
9 illustrates the logical control function provided by these 
signals. 


The modem status inputs (DSR and CTS) will trigger the 
edge detection circuitry with any change of status. Reading 
the MSR register will clear the detect circuit but has no 
effect on the status bits themselves. These status bits 
always reflect the state of the input pins regardless of the 
mask control signals. Note that the state (high or low) of the 
status bits are inverted versions of the actual input pins. 


The edge detection circuits for the USR register signals will 
trigger only for a positive edge (true assertion) of these 
status bits. Reading the USR register not only clears the 
edge detect circuit but also clears (sets to O) all of the status 
bits. The output pins associated with these status bits are 
not affected by reading the USR register. 


A hardware reset of the 82C52 sets the TC status bit in 
the USR. When interrupts are subsequently enabled an 
interrupt can occur due to the fact that the positive edge 
detection circuitry in the interrupt logic has detected the 
setting of the TC bit. If this interrupt is not desired the USR 
should be read prior to enabling interrupts. This action 
resets the positive edge detection circuitry in the interrupt 
control logic (Figure 9). 


NOTE: For USR and MSR, the setting of status bits is inhibited during status 
register READ operations. If a status condition is generated during a 
READ operation, the status bit is not set until the trailing edge of the 
RD pulse. 


If the bit was already set at the time of the READ operation, and the 
same status condition occurs, that status bit will be cleared at the 
trailing edge of the RD pulse instead of being set again 


RBRK, TC 
OE, FE, PE 
(USR) 


RD (USR) 


POS. OR NEG. 
y EDGE 
DETECT 


DSR, CTS 
(MSR) 


RD (MSR) 


FIGURE 9. 82C52 INTERRUPT STRUCTURE 


Software Reset 


A software reset of the 82C52 is a useful method for return- 
ing to a completely known state without exercising a 
complete system reset. Such a reset would consist of writing 
to the UCR, BRSR and MCR registers. The USR and RBR 
registers should be read prior to enabling interrupts in order 
to clear out any residual data or status bits which may be 
invalid for subsequent operation. 


Crystal Operation 


The 82C52 crystal oscillator circuitry is designed to operate 
with a fundamental mode, parallel resonant crystal. This 
circuit is the same one used in the Harris 82C84A clock 
generator/driver. To summarize, Table C and Figure 10 
show the required crystal parameters and crystal circuit 
configuration respectively. 


When using an external clock source, the IX input is driven 
and the OX output is left open. Power consumption when 
using an external clock is typically 50% of that required 
when using a crystal. This is due to the sinusoidal nature of 
the drive circuitry when using a crystal. 


TABLE C. 


TYPICAL CRYSTAL 
PARAMETER SPECIFICATION 
Type of Operation Parallel Resonant, Fundamental 
Mode 


Load Capacitance (CL) | 20 or 32pF (Typ) 


RSERIES(Max) 100 2. (f = 16MHz, CL = 32pF) 
200 2. (f = 16MHz, CL = 20pF) 


C1* 
IX 
82C52 
GND co 
C2* 
OX 


*C1= C2= 20pF FORCL= 20pF 
*C1= C2= 47pF FOR CL= 32pF 


FIGURE 10. 
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82C52 - 80C86 Interfacing 


The following example (Figure 11) shows the interface for 
an 82C52 in an 80C86 system. 

Use of the Harris CMOS Interrupt Controller (82C59A) is 
optional and necessary only if an interrupt driven system is 
desired. 

By using the Harris CMOS 82C84A clock generator, the 
system can be built with a single crystal providing both the 
processor clock and the clock for the 82C52. The 82C52 


INTA Io 
5SMHz 
x1 CLK 
isMize F Said 2.5MHz 
X2 OSC 15MHz 
Y 82C84A OR 
82C85 


ADO, AD7 EASY OTE TORE |g) WO are © Y 
ADDRESS BUS —<*>} AO, A1 SDO 


82C88 
(MAX MODE) 


has special divider circuitry which is designed to supply 
industry standard baud rates with a 2.4576MHz input 
frequency. Using a 15MHz crystal as shown, results in less 
than a 2% frequency error which is adequate for many 
applications. For more precise baud rate requirements, a 
14.7456MHz crystal will drive the 80C86 at 4.9MHz and 
provide the 82C52 with the standard baud rate input 
frequency of 2.4576MHz. If baud rates above 156Kbaud are 
desired, the OSC output can be used instead of the PCLK 
(+6) output for asynchronous baud rates up to 1 Mbaud. 


CHIP SELECT —+o CSO 


2 
SERIAL 
iORD——>O| RD DATA 


JORD 2c52 =SDI\*—— 
iowR—?O wR ® 6 


INTR, DR, TBRE 


IX 


FIGURE 11. 80C86/82C52 INTERFACE 
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Specifications 82C52 


Absolute Maximum Ratings 


Supply Voltage .¢ cc cc cade ceed en ese leds eee ce ee dies +8.0V 
Input, Output or I/O Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range ...............6- -65°C to +150°C 
Junction Temperature... 0.0... cece cece cece cence +175°C 
Lead Temperature (Soldering 10S)............200ceeee +300°C 
ESD Classification ..... 0. ccc eee c cece neces cenccens Class 1 


Reliability Information 


Thermal Resistance ...........050005 Gia O 
Ceramic DIP Package............. 45°C/W 8.4°C/W 
Ceramic LCC Package ............ 50.7°C/W ss 55. 3°C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package... ........ cece cece cece eens 1.1W 
Ceramic LCC Package .......... cece ccc sec e neces 986mW 

Gate Counts sivcwses ieee sundsitec aa enecnaens oR Ss 1500 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..................06. +4.5V to +5.5V 


CBC 5?8 icc Sess icant seeks epee ee untae 0°C to +70°C 
B2CS2 oa ceca thine ede bedea Sale iaom@aedien -40°C to +85°C 
M02 as rcts aon eel iy a palcadarcatld tala nd oar Sate oe -55°C to +125°C 


DC Electrical Specifications VCC =5.0V + 10%; T, = 0°C to +70°C (C82C52); 
Ta = -40°C to +85°C (182C52); 
Ta = -55°C to +125°C (M82C52) 


Logical Zero Input Voltage 


VTL 


Schmitt Trigger Logical Zero Input 
Voltage 


VIH (CLK) 


VIL (CLK) Logical Zero Clock Input Voltage 


VOH Output High Voitage 
vo | 


L Output Low Voltage 


Input Leakage Current 


Input/Output Leakage Current 


Operating Power Supply Current 


ICCOP* 


ICCSB 


SYMBOL PARAMETER | MIN, | MAX | UNITS TEST CONDITIONS 


VIH Logical One Input Voltage V I82C52, C82C52 
M82C52 
oe a OS a rae 
VTH Schmitt Trigger Logical One Input VCC-0.5 Vv Reset Input 
Voltage 


Logical One Clock Input Voltage VvCC-0.5 


Standby Supply Current pA VCC = 5.5V, VIN = VCC or GND, 
Outputs Open 


External Clock 
External Clock 


IOH = -2.5mA, Except OX, 
JOH = -100pA, For OX - IOH = -1.0mA 


External Clock F = 2.4576MHz, 
VCC = 5.5V, VIN = VCC or GND, 


* Guaranteed and sampled, but not 100% tested. ICCOP is typically < 1mA/MHz. 


Capacitance 1, = 25°C 
SYMBOL 


COUT 


ClO /O Capacitance 


CIN finputCapacitance = | a FREQ = 1MHz, all measurements are 
[ouput Capactance |S 
eae a: eee 


referenced to device GND 
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Specifications 82C52 


A.C. Electrical Specifications VCC = 5.0V + 10%; 
TA = 0°C to +70°C (C82C52) 
TA = -40°C to +85°C (182C52) 
TA = -559C to +1250C (M82C52) 


Timing Requirements and Responses 


SYMBOL PARAMETER | MIN- | MAX | UNITS TEST CONDITIONS 
(1) TSVCTL Select Setup to 
Control Leading 
Edge 
(2) TCTHSX Select Hold From 
Control Trailing 
Edge 


(3)TCTLCTH Control Pulse Control Leones. of RD 
Width or Leones. 
(4)TCTHCTL Control Disable 
to Control Enable 
(7) TDVWH | Data ssi Time 
TCHCL+TCLCH must 
be =62.5 ns 
(10) TCHCL Clock dl Time 
Rise/Fall Time 


(5) TRLDV Read Low to 1, See AC Test Circuit 
Data Valid 


X= pen oo or 50ns 
whichever is smaller 


CL = 50 pf 


(6) TRHDZ Read Disable 2, See AC Test Circuit 
= Clock Frequency 
(12) TR/TF IX Input 
(13) TFCO Clock Output 
Fall Time 
CL = 50 pf 


(14) TRCO Clock Output 
Rise Time 


” 

5 
<c¢= 
= 
ac 
og 
os 
== 
os 
O 
O 
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82C52 


AC Testing Input, Output Waveforms 


PROPAGATION DELAY ENABLE/DISABLE DELAY 
INPUT OUTPUT 
VIH + 0.4V VOH 
90% 
1.5V 1.5V OUTPUT 
10% 
VIL -0.4V VOL 


AC Testing: All input signals (except IX and RST) must switch between VIL - 0.4V and VIH + 0.4V. Input rise and fall times are driven at 1nsec per volt. 


_ Timing Waveform 


BUS OPERATION 


NEXT BUS CYCLE 


Eso AO, A1 SELECT VALID 


(2} 


TCTHSX 
WR 
WRITE 
OPERATION 
(1) (24 
TSVCTL TCTLCTH 
RD q 
READ 
OPERATION (5) (6) 
TRLDV TRHDZ 
DO-D7 CX VALID 069 
AC Test Circuit 
V1 
a restconoirion | vi | Rt | R2 | cL | 
OUTPUT FROM 
DEVICE UNDER TEST [1 Propagation Detay| 17v_| 520 | «© | 1000F | 
an re 2 oassecoey [veo [ ox | [or 
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UART Timing Characterization 


All parameters listed in this table were laboratory bench characterized at room temperature on a small sample of parts. No guarantee is 
implied. The main intent here is to clarify functional operation of the 82C 52. 


82C52 UART TIMING Characterized with IX = External Clock 


[emma [ramneren [wm [wax [wre | vesrconnows 
ras [cower [| [meneame 
|7TCY | COAG) Clock Cycle Time 625 J BRSR Bit D7 = 1 (BRG Output), Note 1 
roron | soosemroncasnonme [— [= 


(20)TCLTH | CO(BRG) Low to TBRE High a poms Notes 3, 4 
(21) TIHF INTR High on Flag Le 50 poms Note5A, 5B 


(25)TDRH CO(BRG) Low to DR High Ll 
(26)TRLDL | RD Low to DR Low Le a 
(27)TWHO ~——'|.: WRHigh to RTS/DTR Active Le 


NOTES 
1. Prescaler rate of divide by 1, Divisor Select rate of “external” 5. A. INT on TC: INTEN enabled; USR bit D5(TC) is updated at 

(divide by 1). The Baud Rate Clock (CO-BRG) operates at 16 this time regardless of interrupt configuration. 

times the user programmed bit rate. For example, at 1200 baud: - INT on TC occurs from the trailing edge of the 11th 

TCY = 1/(16 x 1200) = 52. 1ps. CO(BRG) in the last Stop bit if TBR empty at that time. 

2. A. With TR (Transmitter Register) initially empty, TDTX occurs B. INTR on receive flags OE, FE, PE, and RBRK: INTEN 
from the 5th falling edge of CO(BRG) after WR goes high. enabled; Respective USR bits updated at this time 

B. With TR initially full, TDTX occurs from the trailing edge of regardless of interrupt configuration. 
the 16th CO(BRG) in the last Stop bit provided WR went - INT on OE, FE, PE, RBRK occurs from the trailing edge 
high by the trailing edge of the 12th CO(BRG) in the last of the 11th CO(BRG) in the last Stop bit. To avoid OE, 
Stop bit. RD(RBR) must go low by the trailing edge of the 8th 

C. With CTS high (disable transmit) and TBR full, TOTX occurs CO(BRG) in the last Stop bit. 
from the 5th falling edge of CO(BRG) after CTS goes low. C. INTR on MS: INTEN and MIEN enabled; USR bit D4(MS) 

3. TBRE bit D6 in USR is updated each time TBRE changes state. is updated at this time regardless of INTEN/MIEN. 
4. A. With TR initially empty, TCLTH(TBRE) occurs from the 4th - INTR on MS occurs whenever CTS or DSR input 
falling edge of CO(BRG) after WR goes high. changes state. 

B. With TR initially full, TCLTH(TBRE) occurs from the trailing | 6. TCTHX is time before end of last Stop bit by which CTS must be 
edge of the 15th CO(BRG) in the last Stop bit provided WR inactive (high) to prevent transmission of the character waiting in 
went high by the trailing edge of the 12th CO(BRG) in the TBR. 
last Stop bit. 7. DRbit D7 in USR is updated each time DR changes state. TDRH 

C. With CTS high (disable transmit) and TBR full, always from trailing edge of 11th CO(BRG) in last Stop bit. 


TCLTH(TBRE) occurs from the 4th falling edge of CO(BRG) 
after CTS goes low. 
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UART Timing Characterization (Continued) 
CLOCK (IX) AND CO TIMING 


TCHCL (11) 


TCLCH (10) 


TS2 
CO(BRG) 
TCY 
(17) 
TRANSMITTER DATA 
CO(BRG) 
16 CO(BRG) PERIODS 


TX DATA | DATA BIT 


RECEIVER DATA 


CO(BRG) 


8 CO(BRG) PERIODS 
16 CO(BRG) PERIODS 


RX DATA \ START BIT | DATA BIT 


RX BAUD COUNTER 
STARTS HERE 


INTERNAL 
SAMPLE 
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UART Timing Characterization (Continued) 
TRANSMIT TIMING 


ail o/t 10/ 1A 121 13/ 


CO(BRG) 


(19) 
TWLTL 


TBRE Note 1 


SDO 
RD 
(21) 
TIHF 
INTR 
11 12 13 14 15 16 
CO(BRG) 
(24) 
TCTHX 
CTS Note 4 
TBRE 


SsDO LAST STOP BIT | IDLE 
DISABLED 


NOTES: 
1. TBRE bit D6 in USR is updated each time TBRE changes state. 


2. A. With TR initially empty, TCLTH(TBRE) occurs from the 4th 
falling edge of CO(BRG) after WR goes high. 

B. With TR initially full, TCLTH(TBRE) occurs from the trailing 
edge of the 15th CO(BRG) in the last Stop bit provided WR 
went high by the trailing edge of the 12th CO(BRG) in the 
last Stop bit. 

3. A. With TR (Transmitter Register) initially empty, TDTX occurs 
from the 5th falling edge of CO(BRG) after WR goes high. 

B. With TR initially full, TDTX occurs from the trailing edge of 
the 16th CO(BRG) in the last Stop bit provided WR went 
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LAST STOP BIT / IDLE 


14A 15/ 16/1 V1 v2 V3 


(20) | 
TCLTH 


Note 2 


IDLE / START BIT 


(23) 
TRLIL 


(20) 
TCLTH 


Note 5 


(18) 


START BIT 


high by the trailing edge of the 12th CO(BRG) in the last 
Stop bit. 


. TCTHX is time before end of last Stop bit by which CTS must be 


inactive (high) to prevent transmission of the character waiting in 
TBR. 


. With CTS high (disable transmit) and TBR full, TCLTH(TBRE) 


occurs from the 4th falling edge of CO(BRG) after CTS goes low. 


. With CTS high (disable transmit) and TBR full, TOTX occurs from 


the 5th falling edge of CO(BRG) after CTS goes low. 


w” 

5 
¢ 
re 
4 
a6 
ns 
05 
== 
os 
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UART Timing Characterization (Continued) 


RECEIVE TIMING 
11 12 13 14 


CO(BRG) 


15 16 W a al 


SDI LAST STOP BIT ‘ \ START BIT / IDLE 


DR 
nasil (21) 


INTR 


OTHER TIMING 


WR MCR 


RTS/DTR 


DSR/CTS ( 


INTR NOTE 3 


NOTES: 


1. DR bit D7 in USR is updated each time DR changes state. TDRH 
always from trailing edge of 11th CO(BRG) in last Stop bit. 


ive fl FE, PE, and RBRK: INTEN enabled; 
Respective USR bits updated at this time regardless of interrupt 
configuration. 


- INT on OE, FE, PE, RBRK occurs from the trailing edge of the 
11th CO(BRG) in the last Stop bit. To avoid OE, RD(RBR) 
must go low by the trailing edge of the 8th CO(BRG) in the last 
Stop bit. 


7 (23) 


MSR 


3. INTR on MS: INTEN and MIEN enabled; USR bit D4(MS) is 
updated at this time regardless of INTEN/MIEN. 


- INTR on MS occurs whenever CTS or DSR input changes 
state. 
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Burn-In Circuits 
MD 82C52 CERAMIC DIP 


vcc ad 128) GND 
R2 
Q3 2 | vec 
R2 Rt 
GND 3 | 26} VCC/ 2 C2 
R2 RI 
Q4 4 25] VCC a 
R2 Rt 
Qs 5 | 24] VCC/ 2 
Q6 ee 23} A 
Q7 He 22} VCC/ 2 
a8 a Fy xy aad VCC/ 2 
R2 
Q7 ro] 20 = VCC/ 2 eae 
as 2 VCC/ 2 L 
R2 C1 
Qi 18} ad vec 
R2 
Q2 cnn A 
R2 
FO GND R3 
R1 Rt 
VCC/ 2 14) 15) VCC/ 2 
MR 82C52 CERAMIC LCC 
vcc C2 
Q4GND Q3 | GND VCC 7) 
R2{R2[R2 [RI R1 5 
Ee 
<< 
QA0 
R1 NZ 
as = vcc o 5 
R R1 
a6 = VCC/ 2 5 = 
Q7 Re A O 
Q8 — ~ VCC/ 2 = 
Q7 VCG/ 2 
Pee Ri vcc/2 vcc 
ai & PM vecs2 doe: 
A 
R3 


Q2 FO VCC/2 GND vCcCc 


NOTES: 
1. VCC = 5.5V + 0.5V 
GND = OV 


2. VIH = 4.5V + 10% 
VIL = -0 2V to +0.4V 
3. Component Values: 
R1 = 1.2K, 1/4W, 5% 
R2 = 47KN, 1/4W, 5% 
R3 = 10K, 1/4W, 5% 
C1 = 1.0pF nominal 
C2 = 0.01pF minimum 
FO = 100KHz + 10%, F1 = FO/2, F2 = Fi/2 ° * * F12 = F11/2 


5-39 


DR 


vcc 


82C52 


82C52 


Ceramic LCC — 420°C (Max) 


- Silicon Eutectic Alloy 
WORST CASE CURRENT DENSITY: 


Temperature: Ceramic DIP — 460°C (Max) 


178.7 x 187.0 x 19 + 1 mils 


METALLIZATION: 
Thickness: 11kA + 2kA 


Type: Silicon - Aluminum 
GLASSIVATION: 

Type: Nitrox 

Thickness: 10kA 
DIE ATTACH: 

2.07 x 104 A/cm2 


Material: Gold 


DIE DIMENSIONS: 
Metallization Mask Layout 


Metallization Topology 
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CDP1854A 
CDP1854AC 


Programmable Universal Asynchronous 
Receiver/Transmitter (UART) 


HARRIS 


SEMICONDUCTOR 


February 1992 


Features 


¢ Two Operating Modes 

- Mode 0 - Functionally Compatible With Industry 
Types Such as the TR1602A 

- Mode 1 - Interfaces Directly With CDP1800-Series 
Microprocessors Without Additional Components 

Full or Half Duplex Operation 

Parity, Framing and Overrun Error Detection 

e Baud Rate 

- DC to 200K Bits/s at Vop ...- ee eee ee ee eee 5V 

- DC to 400K Bits/s at Vop .... 2... eee eee eee 10V 

Fully Programmable with Externally Selectable Word 

Length (5-8 Bits), Parity Inhibit, Even/Odd Parity, and 

1, 1'/,, or 2 Stop Bits 

e False Start Bit Detection 


Ordering Information 


[packace [Temp nance| svcoKeauo| ‘eauD 
TEMP RANGE | 5V/200K BAUD BAUD 

Plastic DIP | -40°C to +85°C 
Pome | (pormmacer [Sore 
Ceramic DIP | -40°C to +85°C 


CDP1854ACDX emt noel 


Burn-in 


Description 


The CDP1854A and CDP1854AC are silicon-gate CMOS 
Universal Asynchronous Receiver/Transmitter (UART) cir- 
cuits. They are designed to provide the necessary formatting 
and control for interfacing between serial and parallel data. 
For example, these UARTs can be used to interface between 
a peripheral or terminal with serial I/O ports and the 8-bit 
CDP1800-series microprocessor parallel data bus system. 
The CDP1854A is capable of full duplex operation, i.e., 
simultaneous conversion of serial input data to parallel out- 
put data and parallel input data to serial output data. 


The CDP1854A UART can be programmed to operate in one 
of two modes by using the mode control input. When the input 
is high (MODE = 1), the CDP1854<A is directly compatible with 
the CDP1800-series microprocessor system without addi- 
tional interface circuitry. When the mode input is low (MODE = 
0), the device is functionally compatible with industry standard 
UART’s such as the TR1602A. It is also pin compatible with 
these types, except that pin 2 is used for the mode control 
input instead of a Vgg = -12V supply connection. 


The CDP1854A and the CDP1854AC are functionally identi- 
cal. The CDP1854A has a recommended operating voltage 
range of 4V to 10.5V, and the CDP1854AC has a recom- 
mended operating voltage range of 4V to 6.5V. 


The CDP1854A and CDP1854AC are supplied in hermetic 
40 lead dual-in-line ceramic packages (D suffix), in 40 lead 


—Y) 
S 
Ge 
* = Oo 0 . e . . . e 
Sere Sake nee e ibe cient idea io dual-in-line plastic packages (E suffix), and in 44 lead plastic - o 
*Respective specifications are included at the end of this chip carrier packages (Q suffix). The CDP1854AC is also O = 
data sheet. available in chip form (H suffix). =s 
Os 
: O 
Pinouts O 
40 LEAD DIP (MODE 0) 40 LEAD DIP (MODE 1) 44 LEAD PLASTIC CHIP CARRIER (Q SUFFIX) 
TOP VIEW TOP VIEW TOP VIEW 
-~ ~ oo a am 
Voo [1 40] T cLock Yoo [i1, TCLocK a Ig w $ IE Ki E 2 
MODE(Vs3) [3] EpE —- MODE(Voo) [2 a9} CTS a er 
Vss 131 38] WLS 1 Ves 38) ES alaistaiataiaiataiaia 
RRD [4] 37] WLS 2 CS2 [4 37] PSI 6 5 43 2 1 44 4 40 
R BUS 7 [5 | 36] SBS RBUS7 {S| 36] NC 
esse] i watice [al rales RBUS6L_} 7 39 [J eae 
R BUS 5 34] CAL R BUS 5 134] RO/WR neuss Lj 8 ot ) 
rn eus 4 [a] a3] Taus7  ABusale 33] T BUS 7 Bus 41] 9 37 |] TBus7 
rneus 3 [9] 32] Taus6 = RBus3 [9] 32] T BUS 6 RBUS 3] 10 36 |] Teuss 
R BUS 2 [10] 31] T BUS 5 R BUS 2 {10 31] T BUS 5 Reus 2LJj 1 35 LJ reuss 
R BUS 1 [14] 30} T BUS 4 R BUS 1 [11 so] T BUS 4 nc LJ 12 34 LI nc 
R BUS 0 [12) 29] T BUS 3 R BUS 0 [12 29] T BUS 3 R Bus 1 LJ 43 33 LJ reus4 
PE [13] 28} T BUS 2 WT {13 28} T BUS 2 neuso Lt +4 32 _] teus3 
FE [14 27] T BUS 1 FE |14 27} T BUS 1 pednt CI 4s 31) tess 
OE 126] T BUS 0 PE/OE [15 126] T BUS 0 re) a6 30 C] reus1 
SFD l16| Spo ASEL [16 125} SDO om oy oe 
RCLOCK 124] TSRE R CLOCK 241 RTS ss ) uF Le ata 
DAR [18] THAL TPB [18 231 CSI 26 24 20 26 
DA THRE Ba hig 22] THRE move mone 1) bY LILI LL Ls a a 
aéeIf <5 Ge - a 8 
SOI [20] 21] MR SDI [20 21} CLEAR gS 8 <fe @ le 8 
: oP 6 oe ao 
NC = NO CONNECT A 2 £ e : 5 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 1193.1 
Copyright © Harris Corporation 1991 5-44 


CDP1854A, CDP1854AC 


Mode Input High (Mode = 1) 


cbP1802 
TRANSMITTER SECTION | INTERFACE | RECEIVER, SECTION 
8 | Eo qg | 8 
os ee ee? 5a o | Mi - 1,2= Vpp 
v lr | er 2 |e se 3=Vss 
- a (s) | ty a. @& 
L 34] 18] 16 acer 
404 24] 3 
spo 
20 
me TRANSMITTER RECEIVER a =e 
TIMING & CONTROL TIMING & CONTROL 
ee RCVR 
HOLDING 
PARITY REG. 
TRANS 
SHIFT 
REG 
ANS. 
HOLD INT. bee STATUS 3-STATE 
REG. G. | ie DRIVERS 
13, | 2a 14] 15] 19 
Ww uw ic 
Y |2 n E | wet 6 fa 
* | Fo o@ 
TRANSMITTER 8US | RECEIVER pus” 
(26-33) 5-12) 
Sa eee Fran ee rang oe Peg A a eae Bee ea a eee eave 
Gas er eee ee ee ee tpromo arr 
*USER INTERCONNECT ry eeeMees ee 


Fig. 1 - Mode 1 block diagram (CDP1800-series microprocessor compatible). 
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Specifications CDP1854A, CDP1854AC 


Maximum Ratings, Absolute Maximum Values 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 

(Voltages Referenced to Vsg Terminal) T, = Full Package Temperature Range............... 100mW 

COPVES4 A: 225. cc cant aoe a meen Skee Re -0.5V to +11V Operating Temperature Range (Ta) 

CDP VSSAAG on. oor yes nna som aw eae pow eeated 6 towne -0.5V to +7V (Package Type D......... 0... cece cee cee eee -55°C to +125°C 
Input Voltage Range, All Inputs .............. -0.5V to Vpp +0.5V (Package Type EandQ............. cee eee -40°C to +85°C 
DC Input Current, any One Input....................000.. +10mA Storage Temperature Range (Tgig) ...-.- eee eee -65°C to +150°C 
Power Dissipation Per Package (Pp) Lead Temperature (During Soldering): 

T, = -40 to +60°C (Package Type E)................. 500mW At distance 1/16 +1/32 In. 

T, = +60 to +85°C (Package Type E)......... Derate Linearly at (1.59 + 0.79mm) from case for 10S max .............. +265°C 
12mW/°C to 200mMW “Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick G10 

Ta = -55 to +100°C (Package Type D)................ 500mW epoxy glass, or equivalent 

Ta = +100 to +125°C (Package Type D)....... Derate Linearly at 
12mW/°C to 200mW 

Ta = -40°C to +85°C (Package Type Q)* .............. 500mw 


STATIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, unless otherwise noted. 


LIMITS 
CHARACTERISTIC Pie CDP1854A 
(V) (v) | min. | typ. | Max. 
0,5 5 50 
meroneonense | - (ral al = 
Output Low Drive (Sink) Current, lop 5 
(Except pins 24 and 25) 0.5 |0,10] 10 2 
Output High Drive (Source) Current, lon 0,5 PE tiers ee eh 
95 |;0,10; 10 | —1.3] —2.6 
Output Low Drive (Sink) Current, lo. 
‘| Pins 24 and 25 0.5 


Output Voltage Low-Level, VoL* 


Output Voltage High-Level, Voy * 


0.5,4.5 

Input Low Voltage, Vit 0595 

donee 0.5,4 
Input High Voltage, Vip 


0,5 
3-State Output Leakage Current, IouT 
Operating Current, Ipp1* 


Input Capacitance, Cij | — | 
Output Capacitance, CoUT tot 


” 

S 
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oO 


*Typical values are for Ta=25°C. *IOL=IOH=1 HA. 
# Operating current is measured at 200 kHz for Vpp=5 V and 400 kHz for Vpp=10 V in a CDP1800-series microprocessor system, 
with open outputs. 


RECOMMENDED OPERATING CONDITIONS at Ta=Full Package Temperature Range 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


CONDITIONS LIMITS 
CHARACTERISTIC 
ax. 
V 


DC Operating-Voitage Range 
Input Voltage Range 


CDP1854A, CDP1854AC 


Functional Definitions for CDP1854A Terminals 

Mode 1 

CDP1800-Series Microprocessor Compatible 

SIGNAL: FUNCTION 

Vpp: 

Positive supply voltage 

MODE SELECT (MODE): 

A high-level voltage at this input selects CDP1800-series 
microprocessor Mode operation. 

Vss: 

Ground 

CHIP SELECT 2 (CS2): 

A low-level voltage at this input together with CS1 and CS3 
selects the CDP1854A UART. 


RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs (may be externally connected 
to corresponding transmitter bus terminals). 


INTERRUPT (INT): 
A low-level voltage at this output indicates the presence of 
one or more of the interrupt conditions listed in Table |. 


FRAMING ERROR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. 


PARITY ERROR or OVERRUN ERROR (PE/OE): 

A high-level voitage at this output indicates that either the 
PE or OE bit in the Status Register has been set (see Status 
Register Bit Assignment, Table II. 


REGISTER SELECT (RSEL): 

This input is used to choose either the Control/Status 
Registers (high input) or the transmitter/receiver data 
registers (low input) according to the truth table in Table Ill. 


RECEIVER CLOCK (RCLOCk): 
Clock input with a frequency 16 times the desired receiver 
shift rate. 


TPB: 
A positive input pulse used as a data load or reset strobe. 


DATA AVAILABLE (DA): 

A low-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 


SERIAL DATA IN (SDI): 

Serial data received on this input line enters the Receiver 
Shift Register at a point determined by the character 
length. A high-level input voltage must be present when 
data is not being received. 


CLEAR (CLEAR): 

A low-level voltage at this input resets the Interrupt Flip- 
Flop, Receiver Holding Register, Control Register, and 
Status Register, and sets SERIAL DATA OUT (SDO) high. 


TRANSMITTER HOLDING REGISTER EMPTY (THRE): 

A low-level voltage at this output indicates that the Trans- 
mitter Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. 


CHIP SELECT 1 (CS1): be 
A high-level voltage at this input together with CS2 and CS3 
selects the UART. 


REQUEST TO SEND (RTS): 

This output signal tells the peripheral to get ready to 
receive data. CLEAR TO SEND (CTS) is the response from 
the peripheral. RTS is set to alow-level voltage when data is 
latched in the Transmitter Holding Register or TR is set 
high, and is reset high when both the Transmitter Holding 
Register and Transmitter Shift Register are empty and TR is 
low. 


SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register [start bit, 
data bits, parity bit, and stop bit(s)] are serially shifted out 
on this output. When no character is being transmitted, a 
high level is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 


TRANSMITTER BUS (T BUS 0- T BUS 7): 
Transmitter parallel data input. These may be externally 
connected to corresponding Receiver bus terminals. 


RD/WR: 

A low-level voltage at this input gates data from the 
transmitter bus to the Transmitter Holding Register or the 
Control Register as chosen by register select. A high-level 
voltage gates data from the Receiver Holding Register or 
the Status Register, as chosen by register select, to the 
receiver bus. 


CHIP SELECT 3 (CS3): 
With high-level voltage at this input together with CS1 and 
CS2 selects the UART. 


PERIPHERAL STATUS INTERRUPT (PSI): 


A high-to-low transition on this input line sets a bit in the 
Status Register and causes an INTERRUPT (INT=low). 
EXTERNAL STATUS (ES): 

A low-level voltage at this input sets a bit in the Status 
Register. 

CLEAR TO SEND (CTS): 

When this input from peripheral is high, transfer of a 
character to the Transmitter Shift Register and shifting of 
serial data out is inhibited. 


TRANSMITTER CLOCK (TCLOCK): 
Clock input with a frequency 16 times the desired transmitter 
shift rate. 
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Table I — Interrupt Set and Reset Conditions 
SET* (INT = LOW) RESET (INT = HIGH) 
| CAUSE CONDITION TIME 


DA Read of data TPB leading edge 
(Receipt of data) 


Negative edge 


(Ability to reload) write of character 
: 
CTS Read of status 
(Positive edge when THRE - TSRE) 


TPB leading edge 


TPB trailing edge 


“Interrupts will occur only after the IE bit in the Contro! Register (see Table IV) has been set 
* THRE will cause an interrupt only after the TR bit in the Control Register (see Table IV) has been set. 


Table II — Status Register Bit Assignment 


Bit 
Signal 


Also Available at Terminal a ae 


“Polarity reversed at output terminal. 


Bit Signal: Function 


O0O—DATA AVAILABLE (DA): 

When set high, this bit indicates that an entire character has 
been received and transferred to the Receiver Holding 
Register. This signal is also available at Term. 19 but with its 
polarity reversed. 


1—OVERRUN ERROR (OE): 

When set high, this bit indicates that the Data Available bit 
was not reset before the next character was transferred to 
the Receiver Holding Register. This signal OR’ed with PE is 
output at Term. 15. 


2—PARITY ERROR (PE): 

When set high, this bit indicates that the received parity bit 
does not compare to that programmed by the EVEN 
PARITY ENABLE (EPE) control. This bit 1s updated each 
time a character is transferred to the Receiver Holding 
Register. This signal OR’ed with OE is output at Term. 15. 


3—FRAMING ERROR (FE): 

When set high, this bit indicates that the received character 
has no valid stop bit, i.e., the bit following the parity bit (if 
programmed) is nota high-level voltage. This bit is updated 
each time a character is transferred to the Receiver Holding 
jRegister. This signal is also available at Term. 14. 


ee a 
| THRE | TsRe | psi_| 
if 
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4—EXTERNAL STATUS (ES): ae 
This bit is set high by a low-level input at Term. 38 (ES). 


5—PERIPHERAL STATUS INTERRUPT (PSI): 

This bit is set high by a high-to-low voltage transition of 
Term. 37 (PSI). The INTERRUPT output (Term. 13) is also 
asserted (INT=low) when this bit is set. 


6—TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
When set high, this bit indicates that the Transmitter Shift 
Register has completed serial transmission of a full 
character including stop bit(s). It remains set until the start 
of transmission of the next character. 


7—TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
When set high, this bit indicates that the Transmitter 
Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. Setting this bit also sets the THRE output (Term. 
22) low and causes an INTERRUPT (INT=low), if TR is 
high. 


” 
6 
«© 
EE 
< 
a6 
o> 
05 
== 
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Description of Mode 1 Operation CDP1800-Series Micro- 
processor Compatible (Mode Input=Vpp) 


1. Initialization and Controls 


In the CDP1800-series microprocessor compatible mode, 
the CDP1854A is configured to receive commands and 
send status via the microprocessor data bus. The register 
connected to the transmitter bus or the receiver bus is 
determined by the RD/WR and RSEL inputs as follows: 


Table III — Register Selection Summary 


Load Transmitter Holding Register from 
Transmitter Bus 


Read Receiver Holding Register from 
Receiver Bus 


Load Control Register from Transmitter 
Bus 


Read Status Register from Receiver Bus 


In this mode the CDP1854A is compatible with a bidirec- 
tional bus system. The receiver and transmitter buses are 
connected to the bus. CDP1800-series microprocessor I/O 
control output signals can be connected directly to the 
CDP1854A inputs as shown in Fig. 2. The CLEAR input is 
pulsed, resetting the Control, Status, and Receiver Holding 
Registers and setting SERIAL DATA OUT (SDO) high. The 
Control Register is loaded from the Transmitter Bus in 
order to determine the operating configuration for the 
UART. Data is transferred from the Transmitter Bus inputs 
to the Control Register during TPB when the UART is 
selected (CS1- CS2 - CS3=1) and the Control Register is 
designated (RSEL=H, RD/WR=L). The CDP1854<A also has 
a Status Register which can be read onto the Receiver Bus 
(R BUS 0- R BUS 7) in order to determine the status of the 
UART. Some of these status bits are also available at 
separate terminals as indicated in Table II. 


2. Transmitter Operation 


Before beginning to transmit, the TRANSMIT REQUEST 
(TR) bit in the Control Register (see bit assignment, Table 
IV) is set. Loading the Control Register with TR=1 (bit 
7=high) inhibits changing the other control bits. Therefore 
two loads are required: one to format the UART, the second 
to set TR. When TR has been set, a TRANSMITTER 
HOLDING REGISTER EMPTY (THRE) interrupt will occur, 
signalling the microprocessor that the Transmitter Holding 
Register is empty and may be loaded. Setting TR also 
causes assertion of alow-level on the REQUEST TO SEND 
(RTS) output to the peripheral. Itis not necessary to set TR 
for proper operation for the UART. If desired, it can be used 
to enable THRE interrupts and to generate the RTS signal. 
The Transmitter Holding Register is loaded from the bus by 
TPB during execution of an output instruction. The 
CDP1854A is selected by CS1 - CS2 - CS3=1, and the 
Holding Register is selected by RSEL=L and RD/WR=L. 
When the A END (CTS) input, which can be 
connected to a peripheral device output, goes low, the 
Transmitter Shift Register will be loaded from the Trans- 
mitter Holding Register and data transmission will begin. If 
CTS is always low, the Transmitter Shift Register will be 
loaded on the first high-to-low edge of the clock which 
occurs at least 1/2 clock period after the trailing edge of 
TPB and transmission of a start bit will occur 1/2 clock 
period later (see Fig. 3). Parity (if programmed) and stop 
bit(s) will be transmitted following the last data bit. If the 
word length selected is less than 8 bits, the most significant 
unused bits in the transmitter shift register will not be 
transmitted. 
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One transmitter clock period after the Transmitter Shift 
Register is loaded from the Transmitter Holding Register, 
the THRE signal will go low and an interrupt will occur (INT 
goes low). The next character to be transmitted can then be 
loaded into the Transmitter Holding Register for trans- 
mission with its start bit immediately following the last stop 
bit of the previous character. This cycle can be repeated 
until the last character is transmitted, at which time a final 
THRE: TSRE interrupt will occur. This interrupt signals the 
microprocessor that TR can be turned off. This is done by 
reloading the original control byte in the Control Register 
with the TR bit = 0, thus terminating the REQUEST TO 
SEND (RTS) signal. 


SERIAL DATA OUT (SDO) can be held low by setting the 
BREAK bit in the Control Register (see Table IV). SDO is 
held low until the BREAK bit is reset. 


TCLOCK RCLOC 


RSEL 
csi 


RD/WR 


TPB  UART 
CDPI854A Es 


reaomxrvy—-wmMv 


PE/OE 
T BUS 


R BUS 
CLEAR MODE 


Vop 
92CS~-28460RI 


Fig. 2 - Recommended CDP1800-series connection, 
Mode 1 (non-interrupt driven system). 


3. Receiver Operation 


The receive operation begins when astart bit is detected at 
the SERIAL DATA IN (SDI) input. After detection of the first 
high-to-low transition on the SDI line, a valid start bit is 
verified by checking for a low-level input 7-1/2 receiver 
clock periods later. When a valid start bit has been verified, 
the following data bits, parity bit (if programmed) and stop 
bit(s) are shifted into the Receiver Shift Register by clock 
pulse 7-1/2 in each bit time. The parity bit (if programmed) 
is checked and receipt of a valid stop bit is verified. On 
count 7-1/2 of the first stop bit, the received data is loaded 
into the Receiver Holding Register. If the word length is less 
than 8 bits, zeros (low output level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) status bit is 
set. One half clock period later, the PARITY ERROR (PE) 
and FRAMING ERROR (FE) status bits become valid for the 
character in the Receiver Holding Register. At this time, the 
Data Available status bit is also set and the DATA 
AVAILABLE (DA) and INTERRUPT (INT) outputs go low, 
signalling the microprocessor that a received character is 
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ready. The microprocessor responds by executing an input 
instruction. The UART’s 3-state bus drivers are enabled 
when the UART is selected (CS1 - CS2 - CS3=1) and 
RD/WR=high. Status can be read when RSEL=high. Data 
is read when RSEL=low. When reading data, TPB latches 
data in the microprocessor and resets DATA AVAILABLE 
(DA) in the UART. The preceding sequence is repeated for 
each serial character which is received from the peripheral. 


4. Peripheral Interface 
In addition to serial data in and out, four signals are 


provided for communication with a peripheral. The 
REQUEST TO SEND (RTS) output signal alerts the 
peripheral to get ready to receive data. The CLEAR TO 
SEND (CTS) input signal is the response, signalling that 
the peripheral is ready. The EXTERNAL STATUS (ES) 


input latches a peripheral status level, and the PERIPHERAL 
STATUS INTERRUPT 


T (PST) input senses a status edge 
(high-to-low) and also generates an interrupt. For example, 
the modem DATA_CARRIER DETECT line could be 
connected to the PSI input on the UART in order to signal 
the microprocessor that transmission failed because of 
loss of the carrier on the communications line. The PSI and 
ES bits are stored in the Status Register (see Table II). 


Table IV — Control Register Bit Assignment 


Bit 
Signal 


Bit Signal: Function 

O—PARITY INHIBIT (PI): 

When set high parity generation and verification are 
inhibited and the PE Status bit is held low. If parity is 
inhibited the stop bit(s) will immediately follow the last data 
bit on transmission, and EPE is ignored. 

1—EVEN PARITY ENABLE (EPE): 

When set high, even parity is generated by the transmitter 
and checked by the receiver. When flow, odd parity is 
selected. 


2—STOP BIT SELECT (SBS): 
See table below. 


3—WORD LENGTH SELECT 1 (WLS1): 
See table below. 


4—WORD LENGTH SELECT 2 (WLS2): 
See table below. 


| Bit4 | 
WLS1 


eae ee ee ee ee ee 
© [wise] msi] ses [ ere] rr 


5—INTERRUPT ENABLE (IE): 
When set high THRE, DA, THRE - TSRE, CTS, and PSI 
interrupts are enabled (see Interrupt Conditions, Table I). 
6—TRANSMIT BREAK (BREAK): 
Holds SDO low when set. Once the break bit in the control 


register has been set high, SDO will stay low until the break 


bit is reset low and one of the following occurs: CLEAR 
goes low; CTS goes high; or a word is transmitted. (The 
transmitted word will not be valid since there can be no start 
bit if SDO is already low. SDO can be set high without 
intermediate transitions by transmitting a word consisting 
of all zeros). 


7—TRANSMIT REQUEST (TR): 

When set high, RTS is set low and data transfer through the 
transmitter is initiated by the initial THRE interrupt. (When 
loading the Control Register from the bus, this (TR) bit 
inhibits changing of other control flip-flops). 


5 data bits, 1 stop bit 

5 data bits, 1.5 stop bits 
6 data bits, 1 stop bit 

6 data bits, 2 stop bits 
7 data bits, 1 stop bit 

7 data bits, 2 stop bits 
8 data bits, 1 stop bit 

8 data bits, 2 stop bits 


CMOS DATA 
COMMUNICATIONS 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, ty,tf=20 ns, VjH#=0.7 Vpp, ViL=0.3 Vpp. 
C.=100 pF, see Fig. 3. 


LIMITS 
CHARACTERISTIC ress 854A ae UNITS 


| Typ.t | t | Max.* | - | Typ.t | D7 | Max.* | > 
Transmitter Timing — Mode 1 


Minim Clock P 


Minimum Pulse Width: 
Clock Low Level’ tCL 


Clock High Level tCH 


TPB tTT 


Minimum Setup Time. 

TPB to Clock 
Propagation Delay Time: 

Clock to Data Start Bit 

TPB to THRE 
100 
200 
100 


Clock to THRE 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 


TRANSMITTER HOLDING * TRANSMITTER SHIFT * * 
REGISTER LOADED REGISTER LOADED 


T CLOCK 


WRITE? 


1 
75 


i 


— 
. 


% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TPB 


%% THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + ttc AFTER THE TRAILING EDGE OF TPB, AND 
TRANSMISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcp LATER 


+ WRITE IS THE OVERLAP OF TPB, CSI, AND CS3 =! AND CS3, RD/ WR=0 92CM~31878 


Fig. 3 - Transmitter timing diagram - Mode 1. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, ty,t¢=20 ns, ViH=0.7 Vpp, ViL=0.3 Vpp, 
C._=100 pF, see Fig. 4. 


LIMITS 


CHARACTERISTIC CDP1854A CDP1854AC UNITS 


Receiver Timing — Mode 1 


ud : 310 
125 155 
Minimum Pulse Width: 


Clock Low Level 


Clock High Level 


Minimum Setup Time: 
Data Start Bit to Clock 
Propagation Delay Time: 
TPB to DATA AVAILABLE 


Clock to DATA AVAILABLE 
Clock to Overrun Error 
Clock to Parity Error 


Clock to Framing Error 


”) 
= 
tTypical values are for Ta=25°C and nominal voltages < o 
*Maximum limits of minimum characteristics are the values above which all devices function. = > 
t O° 
we fC CLOCK 7% Dz 
etait . Loe SAMPLE CLOCK 7% LOAD HOLDING REGISTER O55 
7 ptedececededn y == 
R CLOCK 2] {3) L4) [57 [el [7 i6f | 2 3; {4] [5] [6] 17] |e] fs Os 
' H oO 
> le— toc | 
l Lt oO 
SDI START BIT PARITY | STOP BIT | a 
1 | 
| 
eT DA—w >| rtcpa 
| 


| 

1 1 | 

TPB | ty 
—~ «(| 

| 


92CM- 31880 
% IF A START BIT OCCURS AT A TIME LESS THAN tpc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 


THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 


% % READ IS THE OVERLAP OF CSI, CS3, RO/ WR«! AND CS2 «0. 
IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 


t OE& AND PE SHARE TERMINAL IS AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTFR 


Fig. 4 - Mode 1 receiver timing diagram. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, ty,tf=20 ns, ViHq=0.7 Vpp, ViL=0.3 Vpp, 
C._=100 pF, see Fig. 5. 


LIMITS 
CHARACTERISTIC CDP1854A CDP1854AC UNITS 


CPU Interface — WRITE Timing — Mode 1 
Minimum Pulse Width: 

TPB 
Minimum Setup Time: 

RSEL to Write 


Data to Write 


Minimum Hold Time: 
RSEL after Write 


Data after Write 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limitS of minimum characteristics are the values above which all devices function. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tag = -40 to +85°C, Vpp +5%, t,,tf=20 ns, Vjpq=0.7 Vop, ViL=0.3 Vpp., 
C._=100 pF, see Fig. 6. 


CHARACTERISTIC | 


CPU Interface — READ Timing — Mode 1 
Minimum Pulse Width: 
TPB 
Minimum Setup Time: 
RSEL to TPB 
Minimum Hold Time: 
RSEL after TPB 


Hold Time: 
Data after Read 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 
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ee ee 


TPB* | | 
| 


j= Rew he-twro—>y 


T BUS 7 
cs3, csi" WEEE a 


% WRITE IS THE OVERLAP OF TPB, CSI, CS3=1 AND GS2, RD/WR=0 pee ele 79 


Fig. 5 - Mode 1 CPU interface (WRITE) timing diagram. 


rarest llamas 


‘ 
' 


| 
—_——t RST ——#I be—tTRS 


e—t RSDV—* | 


R BUS 7 
a tropa ke 
Pe 


ROaE 
| 
a I 


% READ IS THE OVERLAP OF CSI,CS3, RD/WR=1 AND CS2=0 
92CM- 3188! 


Fig. 6 - Mode 1 CPU interface (READ) timing diagram. 


Mode Input Low (Mode = 0) 


TIMING & CONTROL 
PARITY 
GEN 
TRANS 
RECEIVER 
25 SHIFT HOLDING 
REGISTER REGISTER 


| |= Vop 
2,32 Vss 
T CLOCK | R CLOCK 21=MR 
Sun 40 | 17 
TRANSMITTER | RECEIVER eat a 20 cig 
| TIMING & CONTROL BeGicieR 


TRANS CONTROL a | 5 STATUS 3 3-STATE 
HOLDING REG REGISTER | REGISTER DRIVERS 
35 36 39 38 | 22 24 13 l4 +15 19 7 8 9 10 
oO ~- nm Ff YO O Hw Mm uw =— WN | WWW w w re wownese Mm N— O 
$82g83388 2 ew 8S | fg as QHRBRABRB YS 
oOOaOD DODD DM FAT = 2 “a 7p 0D Oonoanon ow 
rage ae lea ae ie, Pe A THRL le DAR Ce Gite eo -e ie RRD 
TRANSMITTER | RECEIVER 
BUS BU 
TRANSMITTER SECTION | RECEIVER SECTION 


S2CL- 28458RI 


Fig. 7 - Mode 0 block diagram (industry standard compatible) 
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Functional Definitions for CDP1854A Terminals 
Standard Mode 0 


SIGNAL: FUNCTION 
VpD: 
Positive supply voltage. 


MODE SELECT (MODE): 

A low-level voltage at this input selects Standard Mode 0 
Operation. 

Vss: 

Ground. 

RECEIVER REGISTER DISCONNECT (RRD): 


A high-level voltage applied to this input disconnects the 
Receiver Holding Register from the Receiver Bus. 


RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs. 


PARITY ERROR (PE): 

A high-level voltage at this output indicates that the 
received parity does not compare to that programmed by 
the EVEN PARITY ENABLE (EPE) control. This output is 
updated each time acharacter is transferred to the Receiver 
Holding Register. PE lines from a number of arrays can be 
bused together since an output disconnect capability is 
provided by the STATUS FLAG DISCONNECT (SFD) line. 


FRAMING ERROR (FE): 

A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. FE lines from 
a number of arrays can be bused together since an output 
disconnect capability is provided by the STATUS FLAG 
DISCONNECT (SFD) line. 


OVERRUN ERROR (OE): 

A high-level voltage at this output indicates that the DATA 
AVAILABLE (DA) flag was not reset before the next 
character was transferred to the Receiver Holding Register. 
OE lines from a number of arrays can be bused together 
since an output disconnect capability is provided by the 
STATUS FLAG DISCONNECT (SFD) line. 


STATUS FLAG DISCONNECT (SFD): 

A high-level voltage applied to this input disables the 3- 
state output drivers for PE, FE, OE, DA, and THRE, allowing 
these status outputs to be bus connected. 


RECEIVER CLOCK (RCLOCK): 
Clock input with a frequency 16 times the desired receiver 
shift rate. 


DATA AVAILABLE RESET (DAR): 
A low-level voltage applied to this input resets the DA 
flip-flop. 


DATA AVAILABLE (DA): 

A high-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 


SERIAL DATA IN (SDI): 

Serial data received at this input enters the receiver shift 
register at a point determined by the character length. A 
high-level voltage must be present when data is not being 
received. 


MASTER RESET (MR): 

A high-level voltage at this input resets the Receiver 
Holding Register, Control Register, and Status Register, 
and sets the serial data output high. 
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TRANSMITTER HOLDING REGISTER EMPTY (THRE): 

A high-level voltage at this output indicates that the 
Transmitter Holding Register has transferred its contents 
to the Transmitter Shift Register and may be reloaded with 
a new character. 


TRANSMITTER HOLDING REGISTER LOAD (THRL): 

A low-level voltage applied to this input enters the character 
on the bus into the Transmitter Holding Register. Data is 
latched on the trailing edge of this signal. 


TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 

A high-level voltage at this output indicates that the 
Transmitter Shift Register has completed serial transmission 
of a full character including stop bit(s). It remains at this 
level until the start of transmission of the next character. 


SERIAL DATA OUTPUT (SDO): 

The contents of the Transmitter Shift Register (start bit, 
data bits, parity bit, and stop bit(s)) are serially shifted out 
on this output. When no character is being transmitted, a 
high-level is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 


TRANSMITTER BUS (T BUS 0 - T BUS 7): 
Transmitter parallel data inputs. 


CONTROL REGISTER LOAD (CRL): 

A high-level voltage at this input loads the Control Register 
with the control bits (P!, EPE, SBS, WLS1, WLS2). This line 
may be strobed or hardwired to a high-level input voltage. 


PARITY INHIBIT (Pl): 

A high-level voltage at this input inhibits the parity genera- 
tion and verification circuits and will clamp the PE output 
low. If parity is inhibited the stop bit(s) will immediately 
follow the last data bit on transmission. 


STOP BIT SELECT (SBS): 

This input selects the number of stop bits to be transmitted 
after the parity bit. A high-level selects two stop bits, a 
low-level selects one stop bit. Selection of two stop bits 
with five data bits programmed selects 1.5 stop bits. 


T CLOCK R CLOCK 


P 

CPU tre 
CDPI800 

NO 


EF 


Vss 


92CS~-34506 


Fig. 8 - Mode 0 connection diagram. 
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WORD LENGTH SELECT 2 (WLS2): 

WORD LENGTH SELECT 1 (WLS1): 

These two inputs select the character length (exclusive of 
parity) as follows: 


WLS2} WLS1 Word Length | 


EVEN PARITY ENABLE (EPE): 

A high-level voltage at this input selects even parity to be 
generated by the transmitter and checked by the receiver. A 
low-level input selects odd parity. 


TRANSMITTER CLOCK (TCLOCK): 
Clock input with a frequency 16 times the desired transmitter 
shift rate. 


Description of Standard Mode 0 Operation 
(Mode Input=Vss) 


1. Initialization and Controls 


The MASTER RESET (MR) input is pulsed, resetting the 
Control, Status, and Receiver Holding Registers and setting 
the SERIAL DATA OUTPUT (SDO) signal high. Timing is 
generated from the clock inputs, Transmitter Clock 
(TCLOCK) and Receiver Clock (RCLOCK), at a frequency 
equal to 16 times the serial data bit rate. When the receiver 
data input rate and the transmitter data output rate are the 
same, the TCLOCK and RCLOCK inputs may be connected 
together. The CONTROL REGISTER LOAD (CRL) input is 
pulsed to store the control inputs PARITY INHIBIT (PI), 
EVEN PARITY ENABLE (EPE), STOP BIT SELECT (SBS), 
and WORD LENGTH SELECTs (WLS1 and WLS2). These 
inputs may be hardwired to the proper voltage levels (Vss 
or Vpp) instead of being dynamically set and CRL may be 
hardwired to Vpp. The CDP1854A is then ready for 
transmitter and/or receiver operation. 


2. Transmitter Operation 


For the transmitter timing diagram refer to Fig. 10. At the 
beginning ofa typical transmitting sequence the Transmitter 
Holding Register is empty (THRE is HIGH). A character is 
transferred from the transmitter bus to the Transmitter 
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holding Register by applying a low pulse to the TRANS- 
MITTER HOLDING REGISTERLOAD (THRL) input causing 


THRE to go low. If the Transmitter Shift Register is empty 
(TSRE is HIGH) and the clock is low, on the next high-to- 
low transition of the clock the character is loaded into the 
Transmitter Shift Register preceded by a start bit Serial 
data transmission begins 1/2 clock period later with a start 
bit and 5-8 data bits followed by the parity bit (if pro- 
grammed) and stop bit(s). The THRE output signal goes 
high 1/2 clock period later on the high-to-low transition of 
the clock. When THRE goes high, another character can be 
loaded into the Transmitter Holding Register for trans- 
mission beginning with a start bit immediately following the 
last stop bit of the previous character. This process !s 
repeated until all characters have been transmitted. When 
transmission is complete, THRE and Transmitter Shift 
Register Empty (TSRE) will both be high. The format of 
serial data is shown in Fig. 12 Duration of each serial 
output data bit is determined by the transmitter clock 
frequency (fCLOCK) and will be 16/f CLOCK. 


3. Receiver Operation 


The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After the detection of a 
high-to-iow transition on the SDI line, a divide-by-16 
counter is enabled and a valid start bit is verified by 
checking for a low-level input 7-1/2 receiver clock periods 
later. When a valid start bit has been verified, the following 
data bits, parity bit (if programmed), and stop bit(s) are 
shifted into the Receiver Shift Register at clock pulse 7-1/2 
in each bit time. If programmed, the parity bit is checked, 
and receipt of a valid stop bit is verified. On count 7-1/2 of 
the first stop bit, the received data is loaded into the 
Receiver Holding Register. If the word length Is less than 8 
bits, zeros (low output voltage level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) signal ts 
raised. One-half clock period later, the PARITY ERROR 
(PE) and FRAMING ERROR (FE) signals become valid for 
the character in the Receiver Holding Register The DA 
signal is also raised at this time. The 3-state output drivers 
for DA, OE, PE and FE are enabled when STATUS FLAG 
DISCONNECT (SFD) is low. When RECEIVER REGISTER 
DISCONNECT (RRD) goes low, the receiver bus 3-state 
output drivers are enabled and data is available at the 
RECEIVER BUS (R BUS 0 - R BUS 7) outputs. Applying a 
negative pulse to the DATA AVAILABLE RESET (DAR) 
resets DA. The preceding sequence of operation is repeated 
for each serial character received. A receiver timing diagram 
is shown in Fig. 11. 
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CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, ty,tf=20 ns, Vjpy=0.7 Vop: Vit=0.3 Vpp, 
C._=100 pF, see Fig. 9. 


LIMITS 


CHARACTERISTIC CDP1854A CDP1854AC UNITS 
Typ. 


Max.* 


Interface Timing — Mode 0 
Minimum Pulse Width: 100 
CRL 
Minimum Pulse Width: 
MR 
Minimum Setup Time: 
Control Word to CRL 
Minimum Hold Time: 
Control Word after CRL 
Propagation Delay Time: 
SFD High to SOD 


SFD Low to SOD tSFDL 


RRD High to Receiver Register 
High Impedance 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of mintmum characteristics are the values above which all devices function. 


CONTROL INPUT WORD TIMING 


CONTROL WORD 
INPUT 


' 
Serene en een V1", —————+—tccw—ot 
( 


CRL 
—________—tcr_. —_______»} 


STATUS OUTPUT TIMING 


STATUS 
OUTPUTS 


RECEIVER REGISTER DISCONNECT TIMING 


R BUS 0- 
R BUS 7 } 


—>l tRROH tet RROL™ 
t 
RRD | 
92CM-3I875 


Fig. 9 - Mode 0 interface timing diagram. 
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CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, tr,t¢=20 ns, Vj}4q=0.7 Vpp: ViL=9.3 Vpp, 
C.=100 pF, see Fig. 10. 


ere 


CHARACTERISTIC CDP1854A | _CDP1854AC __ 854A 
| typ | Max+ | typt | Max» 


Transmitter Timing — Mode 0 
Minimum Clock Period 


Minimum Pulse Width: 
Clock Low Level 


Clock High Level 


Minimum Setup Time: 
THRL to Clock 


Data to THRL 


Minimum Hold Time: 
Data after THRL 

Propagation Delay Time: 
Clock to Data Start Bit 


Clock to THRE 
THRL to THRE 


Clock to TSRE 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 


¥*% TRANSMITTER SHIFT 
TRANSMITTER HOLDING REGISTER LOADED 
REGISTER LOADED 


” 

5 
qf 
Ei 
<q 
a6 
n> 
os 
== 
Os 
(o) 
©O 


Jetor—eletro 


Ue Cr Se ee 


% THE HOLDING REGISTER !S LOADED ON THE TRAILING EDGE OF THRL. 


%% THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST I/2 CLOCK PERIOD+*THCAFTER THE TRAILING EDGE OF THRL, AND TRANS- 
MISSION OF A START BIT OCCURS !/2 CLOCK PERIOD + tcp LATER 


92CM-3IB7ERI 
Fig. 10 - Mode 0 transmitter timing diagram. 
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CDP1854A, CDP1854AC 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, tr,tf=20 ns, Vjpq=0.7 Vpp, Vi_=0.3 Vop, 
C._=100 pF, see Fig. 11. 


LIMITS 
CHARACTERISTIC CDP1854A CDP1854AC UNITS 


Typ.t | Max.* | Typt | Max. | 
Receiver Timing — Mode 0 


Minimum Pulse Width: 
Clock Low Level 


Clock High Level 


DATA AVAILABLE RESET 


Minimum Setup Time: 
Data Start Bit to Clock 


Propagation Delay Time: 
DATA AVAILABLE RESET to 


Data Available 


Clock to Data Valid 


Clock to Data Available 


Clock to Overrun Error 


Clock to Parity Error 


Clock to Framing Error 


tTypical values are for Ta=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1854A, CDP1854AC 


t 
ce CLOCK 7 Ve 


I 

SAMPLE CLOCK 7% LOAD HOLDING REGISTER 
toptenteett oy 

R CLOCK i(MleDlaPielisflef iz) lel li flelisfielisfiefl7 Tiss 


r ~i—tppa I r—'CDA 
mm 7 
xx te typ ——+4 coos 
OE | 
t 
CPE—>-—>! 


% IF ASTART BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK 


% % =IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 


92CM- 31877 


Fig. 11 - Mode 0 receiver timing diagram. 


+ 16 / F cLock 


Y”) 
5 
qt 
Ei 
P= 6 

O60 
”O> 
os 
s= 
os 
Oo 
O 


NEXT DATA WORD 


isa ae bays PARITY 
LSB MSB = BIT 


92CS- 28463 


Fig. 12 - Serial data word format. 
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FARRIS 


SEMICONDUCTOR 


ap 


January 1992 


CDP1854A/3 
CDP1854AC/3 


High Reliability CMOS Programmable Universal 
Asynchronous Receiver/Transmitter (UART) 


Features 


Two Operating Modes 

- Mode 0 - Functionally Compatible 
With Industry Types Such as the 
TR1602A 

- Mode 1 - Interfaces Directly With 
CDP1800 Series Microprocessors 
Without Additional Components 


Full or Half-Duplex Operation 


Parity, Framing, and Overrun Error 
Detection 


Fully Programmable With Externally 
Selectable Word Length (5-8 Bits), Par- 
ity Inhibit, Even/Odd Parity, and 1, 1°/., 
or 2 Stop Bits 


Description 


The CDP1854A/3 and CDP1854AC/3 are high reliability silicon gate CMOS 
Universal Asynchronous Receiver/Transmitter (UART) circuits. They are 
designed to provide the necessary formatting and control for interfacing 
between serial and parallel data. For example, these UARTs can be used to 
interface between a peripheral or terminal with serial I/O ports and the 8-bit 
CDP 1800-series microprocessor parallel data bus system. The CDP1854A/ 
3 is capable of full duplex operation, i.e., simultaneous conversion of serial 
input data to parallel output data and parallel input data to serial output 
data. 


The CDP1854A/3 UART can be programmed to operate in one of two 
modes by using the mode control input. When the mode input is high 
(MODE = 1), the CDP1854A/3 is directly compatible with the CDP1800 
series microprocessor system without additional interface circuitry. When 
the mode input is low (MODE = 0), the device is functionally compatible with 
industry standard UARTs such as the TR1602A. It is also pin compatible 
with these types, except that pin 2 is used for the mode control input instead 
of Vgg = -12V supply connection. 


The CDP1854A/3 and the CDP1854AC/3 are functionally identical. The 
CDP1854A/3 has a recommended operating voltage range of 4V to 10.5V, 
and the CDP1854AC/3 has a recommended operating voltage range of 4V 
to 6.5V. 


The CDP1854A/3 and CDP1854AC/3 are supplied in hermetic 40 lead 
Dual-In-Line Ceramic Packages (D suffix). 


Pinouts 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper | C. Handling Procedures. 


40 LEAD DIP (MODE 0) 
TOP VIEW 


40 LEAD DIP (MODE 1) 
TOP VIEW 


Copyright © Harris Corporation 1992 


NC = NO CONNECT 
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File Number 1715.1 


Specifications CDP1854A/3, CDP1854AC/3 


MAXIMUM RATINGS, Absolute-Maximum Values 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(All voltages referenced to Vss terminal) 


CDP1854A/3 -_ 4 S| Mee oe wet ee Oe eats, RA? eee ae the eos . O5to +11V 
CDP1854AC/3 or i ae ead a ee ee ee Be Fakh) “Gs Sp dpe tere. ABS) dialed Mensaetdters odd -O5to+7V 
INPUT VOLTAGE RANGE, ALL INPUTS . a Was ae ‘noha d A Ste hee 90 ue Oo Seas baie ees -05to Von +05 V 
DC INPUT CURRENT, ANY ONE INPUT ied ie a Set te sham . Gans OG oe ay Sette dees, «aa? at de ae eet. Wenge a . £10 mA 
POWER DISSIPATION PER PACKAGE (Pp) 
| For Ta = -55 to +100°C (PACKAGE TYPE D) ee Bees be» ee Bees So Wak> Bec hie’ Berane tele, sesh nian 500 mW 
For Ta = +100 to + 125°C (PACKAGE TYPE D) . ae : sig ae pte “eas Te Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = FULL PACKAGE-TEMPERATURE RANGE bn oh eee a . 100 mW 
OPERATING-TEMPERATURE RANGE (Ta) 
PACKAGE TYPED” cin lobia eittininwreeedees es is ach, Sin aetna wreath oh. BRIE ite Gat ted toh hee disonscee tile Urge asta -55 to +125°C 
STORAGE TEMPERATURE (eta) <adsecdtomarm amt bawie, autuaGateiincnttnas iim ea waite odiu eas nuelath echo taotesaccateanes -65 to +150°C 
| LEAD TEMPERATURE (DURING SOLDERING) 
At distance 1/16 + 1/32 in (159+079 mm) from case for10S max ... 2.0 1. eek cece eee bene vateaaeaee sa nes +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


eee 


eee 


CHARACTERISTIC +125°C 


Quiescent Device Current, Ipp 


Output Low Drive (Sink) Current, lor 


Output High Drive (Source) Current, lou 


Output Voltage Low-Level, Vo, * 


Output Voltage High-Level, Voy" 


Input Low Voltage, Vi. 


Input High Voltage, Vin 


0,5 +5 LA 
| | Input Leakage Current, lin aa +5 ae 
0, 5 +10 
| | 3-State Output Leakage Current, lout ; - a ee HO 


Input Capacitance, Cin" 
Output Capacitance, Cour" 


*Guaranteed but not tested 


RECOMMENDED OPERATING CONDITIONS at T, = Full Package Temperature Range 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 


UNITS 
rin [xin [ 
ae 


CHARACTERISTIC 


DC Operating 


Baud Rate (Receive or Transmit) 


Input Voltage Range ee ; 


ee ee ee i 
| — | 520 | — | 430 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t} = 15ns, Vii = Vpp, Vi_ = Vss, CL = 100pF, see Figure 1 


LIMITS 


CHARACTERISTIC -55°C, +25°C +125°C UNITS 
(Y) | min. [ Max. | Min. | 


Transmitter Timing — Mode 1 
Clock Period 


Pulse Width: 
Clock Low Level 


Clock High Level 


Propagation Delay Time: 
Clock to Data Start Bit 


TPB to THRE 


Clock to THRE 


Dynamic Electrical Characteristics t,, t; = 15ns, Vij = Vpp. Vi = Vsg, CL = 100pF, see Figure 2 
LIMITS 
CHARACTERISTIC -55°C, +25°C +125°C UNITS 
Receiver Timing — Mode 1 
Clock Period 


Pulse Width: 
Clock Low Level 


Clock High Level 


Setup Time: 

Data Start Bit to Clock 
Propagation Delay Time: 

TPB to DATA AVAILABLE 


Clock to DATA AVAILABLE 
Clock to Overrun Error 


Clock to Parity Error 


Clock to Framing Error 
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Specifications CDP1854A/3, CDP1854AC/3 


TRANSMITTER HOLDING * TRANSMITTER SHIFT * * 
REGISTER LOADED REGISTER LOADED 


T CLOCK 


! 
S00 | VA 1ST DATA BIT 


% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TPB 


*%% THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD +ttc AFTER THE TRAILING EDGE OF TPB, AND 
TRANSMISSION OF A START BIT OCCURS !/2 CLOCK PERIOD + tcp LATER 


{ WRITE IS THE OVERLAP OF TPB, CSI, AND CS3 =! AND CS3, RD/ WR =O 
FIGURE 1. TRANSMITTER TIMING DIAGRAM - MODE 1 


t 
po SG, CLOCK 7'/2 ' 
t SAMPLE CLOCK 742 LOAD HOLDING REGISTER 
cHftt 


rotten 
R CLOCK I 2 3 4 5 6 7 16 t 2 3 4 5 6 4 8 9 


x x | 
ae me 


te TTOA—! 
\ 


it cPE 
t 
PE 
tore 
ar 
FE 


% IF ASTART BIT OCCURS AT A TIME LESS THAN !pc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK 
% % READ IS THE OVERLAP OF CSI, CS3, RD/ WR=! AND CS2-=0 
IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 


t OF AND PE SHARE TERMINAL IS AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTER 


FIGURE 2. MODE 1 RECEIVER TIMING DIAGRAM 


Dynamic Electrical Characteristics t,, t; = 15ns, Vij = Vpp, Vi, = Vss, C. = 100pF, see Figure 3 
LIMITS 


CHARACTERISTIC a -55°C, +25°C +125°C 


CPU Interface — WRITE Timing — Mode 1 
Pulse Width 

TPB 
Setup Time 


RSEL to Write 
Data to Write 


Hold Time 
RSEL after Write 


Data after Write 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t; = 15ns, Vin = Vpp. Vi. = Vss, CL = 100pF, see Figure 4 


. LIMITS 
Pe -55°C, +25°C +125°C 


eT min 
CPU Interface — READ Timing — Mode 1 


Pulse Width 5 125 
TPB trr 10 


Setup Time. 5 
RSEL to TPB tast 10 
Hold Time. 
RSEL after TPB 
Propagation Delay Time: 
Read to Data Valid Time 


CHARACTERISTIC 


RSEL to Data Valid Time 


T BUS O- 
T BUS 7 


| 

oss, os!" WEEE FO 
| 
| 


% WRITE 1S THE OVERLAP OF TPB, CSI,CS3=! AND CS2, RD/WR=0 


FIGURE 3. MODE 1 CPU INTERFACE (WRITE) TIMING DIAGRAM 


tr —— 


eee ee ee ie ee ie 


1 ! 
trot ——+4 tel TRS —o 
t 


1 1 
RSEL x x 
lae—t RSDV—{ | 


R BUS O- ' 
R BUS 7 
| 


het ROy——wH4 


ROI WR LLL. TO IUW''sMWWW 
| 
WOE 


% READ IS THE OVERLAP OF CSI, CS3, RD/WR=I1 AND CS2=0 


FIGURE 4. MODE 1 CPU INTERFACE (READ) TIMING DIAGRAM 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t; = 15ns, Vij = Vpp. Vi_ = Vss, CL = 100pF, see Figure 5 
LIMITS 


CHARACTERISTIC -55°C, +25°C +125°C 


Interface Timing — Mode 0 


Setup Time 5 
Control Word to CRL towc 10 


Hold Time: 
Control Word after CRL tccw 10 

Propagation Delay Time: | 
SFD High to SOD 10 


SFD Low to SOD 


RRD High to Receiver Register 
High Impedance 


RRD Low to Receiver Register Active 


CONTROL INPUT WORD TIMING 


CONTROL WORD 

ete CONTROL WORD BYTE : 
! 
pee twee ——_____—__o—tecw—o 


CRL eee ey ee ee 


fe ese OO cee 


m7) 
6 
<= 
ke 
< 
a9 
ee 
05 
== 
Os 
O 
oO 


STATUS OUTPUT TIMING 
QU US 
OUTPUTS re 


| | 
ak ik —o tsFOL e— 
t 
I 


RECEIVER REGISTER DISCONNECT TIMING 
R BUS 7 ' ‘ 


' 
t ' 
—>! tRRDHKR— te tRROLM 


FIGURE 5. MODE 0 INTERFACE TIMING DIAGRAM 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t; = 15ns, Vii; = Vpp, Vi = Vss, Cy = 100pF, see Figure 6 
LIMITS 


CHARACTERISTIC (v) -55°C, +25°C +125°C UNITS 


Transmitter Timing — Mode 0 
Clock Period 


Pulse Width. 
Clock Low Level 


Clock High Level 


Setup Time 
THRL to Clock 


Data to THRL 


Hold Time’ 
Data after THRL 
Propagation Delay Time. 
Clock to Data Start Bit 


Clock to THRE 


THRL to THRE 


405 
190 


Clock to TSRE 


** TRANSMITTER SHIFT 


* TRANSMITTER HOLDING REGISTER LOADED 


REGISTER LOADED 
tcc 


| 
tonpeoteet tor 


1 
{ 
it esl —-'cp 


T BUS O- I 
T BUS 7 DATA Ge Fe 


% THE HOLDING REGISTER 1S LOADED ON THE TRAILING EDGE OF THRL 


%% THE TRANSMITTER SHIFT REGISTER, IF EMPTY, IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIODttTHCAFTER THE TRAILING EDGE OF THRL, AND TRANS- 
MISSION OF A START BIT OCCURS 1/2 CLOCK PERIOD + tcp LATER 


FIGURE 6. MODE 0 TRANSMITTER TIMING DIAGRAM 
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Specifications CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Characteristics t,, t; = 15ns, Vi4y = Vpp, Vit = Vss, C. = 100pF, see Figure 7 
LIMITS 
CHARACTERISTIC -55°C, +25°C +125°C 
Receiver Timing — Mode 0 
Clock Period 


Pulse Width 
Clock Low Level 


Clock High Level 


DATA AVAILABLE RESET 


Setup Time’ 
Data Start Bit to Clock 
Propagation Delay Time. 
DATA AVAILABLE RESET to 
Data Available tova 


Clock to Data Valid tcpv 


Clock to Data Available 


Clock to Overrun Error tcoe 
5 

Clock to Parity Error tore 
5 

Clock to Framing Error tere 


—~” 
woe, 6 
t 
cc cLock 7 Ye , <= 
te pfectertt cy SAMPLE CLOCK 7%2 LOAD HOLDING, REGISTER “a 
Q 
R CLOCK 1 2 3 4 5 6] |7 16 1 2 3 4 5 6 7 8 9 oH 2 
\ rot 
=) he—too™ pat OD 
{ Vo =s 
SOI | START BIT PARITY i STOP BIT! | So) s 
1 | O 
' t O 
Gad ia CDV 
R BUS O- 1 ' 
R BUS 7 — 
i 
i 
{ 
t 
aaa 2 TERN Soe MRTOTES, 
t 1 ft 
{ 
pe-e+—'poa i re-'CDA 
{ 
DAR \ | 
! 
\ 1 t 
aaa baat 
1 
torE—j-—o 


Fe _ 


% IF A START BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK 


% % IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 


FIGURE 7. MODE 0 RECEIVER TIMING DIAGRAM 
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CDP1854A/3, CDP1854AC/3 


| le 16 /f cLocK 


NEXT DATA WORD 


START -~ : A 5-8 DATA BITS Eel }e—StoP BITS 
BIT DATA or 1,112 OR2 
LSB MsBOoOU— — PARITY 


BIT 


FIGURE 8. SERIAL DATA WORD FORMAT 


ey 


ALL RESISTORS ARE 47k2 £ 20% 


CDP1854A/3 
CDP1854AC/3 


1 +125°C | 160 hrs. 
7 +125°C_|_160 hrs. 


FIGURE 9. BIAS/STATIC BURN-IN CIRCUIT 
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o a CDP6402 
nar > CDP6402C 


CMOS Universal Asynchronous 


January 1992 Receiver/Transmitter (UART) 
Features Description 
e Low Power CMOS Circuitry.......... 7.5mW (Typ) at The CDP6402 and CDP6402C are silicon gate CMOS 


3.2MHz (Max Freq.) at Vpp = 5V_—- Universal Asynchronous Receiver/Transmitter (UART) 
circuits for interfacing computers or microprocessors to 


ePaugnate asynchronous serial data channels. They are designed to 
- DC to 200K Bits/s (Max) at.............. 5V, 85°C __ provide the necessary formatting and control for interfacing 

- DC to 400K Bits/s (Max) at.............. 10V, 85°C between serial and parallel data channels. The receiver 
converts serial start, data, parity, and stop bits to parallel 

e 4V to 10.5 Operation data verifying proper code transmission, parity and stop bits. 


The transmitter converts parallel data into serial form and 
automatically adds start parity and stop bits. 


Automatic Data Formatting and Status Generation 


Fully Programmable with Externally Selectable Word 


: F aa: : The data word can be 5, 6, 7 or 8 bits in length. Parity may 
Length (5 - 8 Bits), Parity Inhibit, Even/Odd Parity, and Sarees 
1 1", 2 Stop a ui ¥ be odd, even or inhibited. Stop bits can be 1, 1'/5, or 2 (when 


transmitting 5 bit code). 


erating Temperature Range 
aeee fe 2D ae 55°C to 4125°C The CDP6402 and CDP6402C can be used in a wide range 
7 ieee tt se wee ees” " Z nied “ of applications including modems, printers, peripherals, 
- CDPG6402E, CE .............-.--- 40°C to +85°C video terminals, remote data acquisition systems, and serial 


Replaces Industry Types IM6402 and HD6402 data links for distributed processing systems. 


The CDP6402 and CDP6402C are functionally identical. 
They differ in that the CDP6402 has a recommended 
operating voltage range of 4V to 10.5V, and the CDP6402C 
has a recommended operating voltage range of 4V to 6.5V. 
Both types are supplied in 40 lead dual-in-line ceramic pack- 
ages (D suffix), and 40 lead dual-in-line plastic packages 
(E suffix). 


Ordering Information Pinout 


| packace | “nance. | svacoxsauo | tovsoox aAuo_ 
RANGE 5V/200K BAUD | 10V/400K BAUD 
Plastic DIP -40°C to +85°C 
ll hed ee cers 
Ceramic DIP -40°C to +85°C 
a a 


CDP6402, CDP6402C 
TOP VIEW 
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CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper |.C. Handling Procedures. File Number 1 328 1 
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CDP6402, CDP6402C 


TBRB(MSB) TBRI (LSB) 


| 

TRANSMITTER BUFFER REGISTER | 

PARITY | 
sae | | | 
TRANSMITTER REGISTER | 

| 


TBERL —+-— P|TRANSMITTER 


TIMING 
atl) Uae ni wana 
| CONTROL MULIPLEXER 
| TRO 
CLS! SBS 
CONTROL 
CLS2 , REGISTER EPE 
CRL ) P| 
MR 
| 
| | 
| | 
RRC 2 | 
: MULTIPLEXER os lt 
om ee as sa | 
RECEIVER REGISTER 
| STOP PARITY 
| LOGIC LOGIC | 
a RECEIVER BUF | 
| ee ie a ee | 
THREE | 
| STATE | 
SFD — \ / sy, \ / \ / '4¢-BUFFERS > \/ \ / \/ WY. \/ \/ \/ RRD 


OR O£  TBRE FE PE RBRB (MSB) RBRI(LSB) 


Fig. 1 - Functional Block Diagram 


Specifications CDP6402, CDP6402C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltage referenced to Vss Terminal) 


CO P6402! ites ecrccecaahh heap aS ae de ee I SEA RE RE OE EN Ce RA ned Romer eatin es -0.5to+11V 
COPGS4O2C wre) sloaaranagineckatsaea. bas weenie nahn ike wel ncaa Dealer tetas varnee pee ian Maes -0.5to+7V 
INPUT VOLTAGE RANGE; ALL INPUT Snes cused ce enek seen baldawse enieeen SER aOad ois ees eae -0.5 to Vpp +0.5 V 
DC INPUT CURRENT,.ANY ONEINPUT 3254 sind ats cacestsae da tumdt pavkaw baka donee Maden Raa se bs ga Snrarcoate was + 100 wA 
POWER DISSIPATION PER PACKAGE (Pp): 
For TA:=-«40 to +60° C:(PACKAGE TYPE Eocene pena wine Sc Sen eRe Ed Wha Sasa RAN ab Weenie wos 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPE E) ......... ccc cece cece cece eeeees Derate Lineary at 12 mW/°C to 200 mW 
For TA = <55 to: 100° C(PACKAGE TYPE D) dessa accrkadace sea w wh dae iawe ho 04 VERY Whe a a ee eae WS 500 mW 
For Ta = + 100 to +125°C (PACKAGE TYPE D) ......... ccc cee cece teens Derate Lineary at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............ cc ceccee cess cess eeens 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPE Dict esvoth seas area tae oeae ceed soa ed au Ne eae eee two he wae -55 to +125°C 

PACKAGE TYPE E-s.vourvcews aioe ates Caged aa hina ww ender aaa et awy emia wank eeecintewe ey -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tota )ieus ctaccnww tien cnc aun dss eseaweia cane wus eee ieee -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ..... ce cece c ee cee ee eee eee eeees +265°C 


OPERATING CONDITIONS at Ta = Full Package-Temperature Range. For maximum rellability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC 


STATIC ELECTRICAL CHARACTERISTICS at Ta=-40 to +85°C, Vpp +10%, Except as noted 


LIMITS 
CHARACTERISTIC | vo | VIN | Vop }__Gppeao2_—_—_ | ~CbdP6402C_ _—s| UNITS 
| Min. | Typ.e | Max. | Min. | Typ.e | Max. | 
or ote [ST Tae | Te Ta 
Ho sul AOd cle pe ee ae] 
Sink) Current le 0, 10 7 _— mA 
Output High Drive : 
Source) Current 
Output Voltage 
Low-Level 


Output Voltage 
High Level VOH 


o 

6 
«a2 
FE 
a5 
a 
33 
== 
Os 
O 
Oo 


< et 
e UO 

i] 
+ 


Voltage V 
nput Hig 
Voltage Vit 
Current uN 
3-State Output Leakage ; 0,5 +10-° 
Current lout | 0,10 | 0,10 +10-4 


© 
on 


0 
0,10 


Typical values are for Ta=25°C and nominal Vpp. FIOL=IOH=1 HA. 


#Operating current is measured at 200 kHz or Vop = 5 V and 400 kHz for Vpp = 10 V, with open outputs (worst-case 
frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 


Operating Current, Ipp1F 


Input Capacitance CIN 


Output Capacitance COUT 
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CDP6402, CDP6402C 


DESCRIPTION OF OPERATION 


Initialization and Controls 


A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets 
the serial output (TRO) High. Timing is generated from the 
clock inputs RRC and TRC ata frequency equal to 16 times 
the serial data bit rate. The RRC and TRC inputs may be 
driven byacommonclock, or may be driven independently 
by two different clocks. The CONTROL REGISTER LOAD 
(CRL) input is strobed to load control bits for PARITY 
INHIBIT (PI), EVEN PARITY ENABLE (EPE), STOP BIT 
SELECTS (SBS), and CHARACTER LENGTH SELECTS 
(CLS1 and CLS2). These inputs may be hand wired to Vss 
or Vpp with CRL to Vpp. When the initialization is 
completed, the UART is ready for receiver and/or transmitter 
operations. 


Transmitter Operation 


The transmitter section accepts parallel data, formats it, 
and transmits it in serial form (Fig. 2) on the TRO terminal. 


5-8 DATA BITS 
START BIT 


IF ENABLED 


92CS-~ 34554 


Fig. 2 - Serial data format. 


Transmitter timing is shown in Fig. 3. (A) Data is loaded into 
the transmitter buffer register from the inputs TBR1 through 
TBR8 by a logic low on the TBRL input. Valid data must be 
present at least tpT prior to, and tTp following, the rising 
edge of TBRL. If words less than 8 bits are used, only the 
least significant bits are used. The character is right 
justified into the least significant bit, TBR1. (B) The rising 
edge of TBRL clears TBRE. “to 1%cycles later, depending 
on when the TBRL pulse occurs with respect to TRC, data is 
transferred to the transmitter register and TRE is cleared. 
TBRE is set to a logic High one cycle after that. 


Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on TBRL loads data into 
the transmitter buffer register. Data transfer to the 
transmitter register is delayed until transmission of the 
current character is complete. (D) Data is automatically 
transferred to the transmitter register and transmission of 
that character begins. 


TBRL 


TBRE 


1/2 
CLOCK 


TRE 
TRO 
ENO OF 
A B Cc D LAST 
STOP 
BIT 


92CS-38054RI1 
Fig. 3 - Transmitter timing waveforms. 


1,!-1/2OR 2 STOP BITS 


\ oar 
ese] TPT LT delta 
% PARITY 


Receiver Operation 


Data is received in serial form at the RRI input. When no 
data is being received, RRI input must remain high. The 
data is clocked through the RRC. The clock rate is 16 times 
the data rate. Receiver timing is shown in Fig. 4. 


81/2 T0 91/2 


BEGINNING OF FIRST STOP BIT =| CLOGK CYCLES 


RR} DATA | 


OR — 
7 pL 


A 3 Cc 


1/2CLOCK 
CYCLE 


92C$-34559R2 
Fig. 4 - Receiver timing waveforms. 


(A) A low level on DRR clears the DR line. (B) During the 
first stop bit data is transferred from tne receiver register to 
the RBRegister. If the word is less than 8 bits, the unused 
most significant bits will be a logic low. The output 
character is right justified to the least significant bit RBR1.A 
logic high on OE indicates overruns. An overrun occurs 
when DR has not been cleared before the present character 
was transferred to the RBR. (C) 1/2 clock cycle later DR is 
set to a logic high and FE is evaluated. A logic high on FE 
indicates an invalid stop bit was received. A logic high on 
PE indicates a parity error. 


Start Bit Detection 


The receiver uses a 16X clock for timing (Fig. 5). The start 
bit could have occurred as muchas oneclock cycle before it 
was detected, as indicated by the shaded portion. The 
center of the start bit is defined as clock count 7 1/2. If the 
receiver clock is a symmetrical square wave, the center of 
the start bit will be located within +1/2 clock cycle, +1/32 bit 
or+3.125%. The receiver begins searching for the next start 
bit at 9 clocks into the first stop bit. 


COUNT 7 1/2 
DEFINED CENTER 
OF START BIT 


CLOCK 


RRI INPUT xq START 


lg? 172. CLOCK 
CYCLES 
8 I/2 CLOCK 
CYCLES 
92CS- 34558 


Fig. 5 - Start bit timing waveforms. 
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CDP6402, CDP6402C 


Table | - Control Word Function 


a A DATA BITS PARITY BIT | STOP Bit S 


LCE rrr er rer rer LLL LL eer rere 
LL errr LL eer LL eee er Lee er 
> Se I pene m= > es GD ON ees > > as Es ee ee >, Ge Os 


X = Don't Care 
Table li - Function Pin Definition 


ein SYMBOL DESCRIPTION 


Positive Power Supply 

No Connection 

Ground (Vss) 

A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register ouputs RBR1-RBR8 to a high 
impedance state 

The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs Word formats less than 8 
characters are right justified to RBR1 


See Pin 5 - RBR8 


A high level on PARITY ERROR 
Indicates that the received parity does 
not match parity programmed by control 
bits The output is active until parity 
matches on a succeeding character 
When parity 1s inhibited, this output 
is low 

A high level on FRAMING ERROR 
indicates the'first stop bit was invalid 
FE will stay active until the next valid 
character's stop bit is received 
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Tretririreitirierrriririririririrt|e 


Can SYMBOL DESCRIPTION 


DD WDWDDANNNNNNOMDDMDMAOMAAAAAM 


ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 
ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 
ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 
ODD 
ODD 
EVEN 
EVEN 
DISABLED 
DISABLED 


—_ —_ 
MVoNFANANANANANANANAD wD at 


A high level on OVERRUN ERROR 
indicates the data received flag was not 
cleared before the last character was 
transferred to the receiver buffer 
register. The Error is reset at the next 
character's stop bit if DRR has been 
performed (i.e., ORR; active low). 

A high level on STATUS FLAGS 
DISABLE forces the outputs PE, FE, OE, 
DR, TBRE to a high impedance state. 
The RECEIVER REGISTER CLOCK is 
16X the receiver data rate. 

A low level on DATA RECEIVED RESET 
clears the data received output (DR), to 
a low level. 

A high level on DATA RECEIVED 
indicates a character has been received 
and transferred to the receiver buffer 
register. 

Serial data on RECEIVER REGISTER 
INPUT is clocked into the receiver 
register. 

A high level on MASTER RESET (MR) 
clears PE, FE, OE and DR, and sets TRE, 
TBRE, and TRO. TRE is actually set on 
the first rising edge of TRC after MR 
goes high. MR should be strobed after 
power-up. 

A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the 
transmitter buffer register has 
transferred its data to the transmitter 
register and is ready for new data. 


CMOS DATA 
COMMUNICATIONS 


CDP6402, CDP6402C 


Table Ii - Function Pin Definition (Cont'd) 


em |svwpou| __bescaterion _ 


A low level on TRANSMITTER BUFFER 
REGISTER LOAD transfers data from 
inputs TBR1-TBR8 into the transmitter 
buffer register. A low to high transition 
on TBRL requests data transfer to the 
transmitter register. If the transmitter 
register is busy, transfer is automatically 
delayed so that the two characters are 
transmitted end to end. 

A high level on TRANSMITTER 
REGISTER EMPTY indicates completed 
transmission of a character including 
stop bits. 

Character data, start data and stop bits 
appear serially at the TRANSMITTER 
REGISTER OUTPUT. 

Character data is loaded into the 
TRANSMITTER BUFFER REGISTER via 
inputs TBR1-TBR8. For character 
formats less than 8-bits, the TBR8, 7, 
and 6 Inputs are ignored corresponding 
to the programmed word length 


See Pin 26 - TBR1 
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Et SYMBOL DESCRIPTION 


A high level on CONTROL REGISTER 
LOAD loads the control register. 

A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low 

A high level on STOP BIT SELECT 
selects 1.5 stop bits for a 5 character 
format and 2 stop bits for other lengths. 
These inputs program the CHARACTER 
LENGTH SELECTED (CLS1 low CLS2 
low 5-bits) (CLS1 high CLS2 low 6-bits) 
(CLS1 low CLS2 high 7-bits) (CLS1 high 
CLS2 high 8-bits). 

See Pin 37 - CLS2 

When PI is low, a high level on EVEN 
PARITY ENABLE generates and checks 
even parity. A low level selects odd 
parity. 

The TRANSMITTER REGISTER 
CLOCK is 16X the transmit data rate 


“See Table | (Control! Word Function) 


Specifications CDP6402, CDP6402C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, tr, tf = 20 ns, 
Viti = 0.7 Vop, Vit = 9.3 Vpp, CL = 100 pF 


LIMITS 


CDP6402 CDP6402C 
UNITS 
Typ.® Typ.°® 
System Timing (See Fig. 6) 


Minimum Pulse Width. 5 150 150 
CRL tCRL 10 100 — 
5 50 20 50 
10 40 as a 
5 40 60 
10 20 30 
Propagation Delay Time 5 130 200 130 
SFD High to SOD tSFDH 10 100 150 _— 
t 5 130 200 130 200 
5 
10 
5 
10 
5 
10 


CHARACTERISTIC [ 


Minimum Setup Time 
Control Word to CRL tCWwC 


Minimum Hold Time 
Control Word after CRL tCCW 


RRD High to Receiver Register 
High Impedance tRRDH 


80 150 150 
40 70 — 
80 150 150 
40 70 _ 
200 400 200 
100 200 = 


AMaximum limits of minimum characteristics are the values above which all devices function. 
TAIl measurements are made at the 50% point of the transition except tri-state measurements. 


RRD Low to Receiver Register 
Active tRRDL 


Minimum Pulse Width: 
MR 


*Typical values for Ta = 25°C and nominal Vpp. 


CONTROL INPUT WORD TIMING 


CONTROL WORD 


INPUT CONTROL WORD BYTE 


CRL 


STATUS OUTPUT TIMING 


STATUS 
OUTPUTS 


tSFDH ta 


SFD | | 


RECEIVER REGISTER DISCONNECT TIMING 


R BUS O 
R BUS 7 


RRO 


92CM —- 38055 


Fig. 6 - System timing waveforms. 
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Specifications CDP6402, CDP6402C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, tr, tf = 20 ns, 
Vin = 0.7 Vpp, Vit = 0.3 Vpop, CL = 100 pF 


LIMITS 
; CDP6402 CDP6402C 
CHARACTERISTIC UNITS 
[tyes | max.4| typ. | Max.A | 


ciate eS 
10 125 155 — 
5 100 125 100 125 
10 75 100 — — 
5 100 125 100 125 
10 75 100 — — 
5 80 200 
10 40 100 
5 175 275 175 275 
10 90 150 — — 
Minimum Hold Time: 5 60 60 
Dataafter TBRL ww 30 


Propagation Delay Time: 
Clock to Data Start Bit 


Transmitter Timing (See Fig. 7) 


Minimum Clock Period (TRC) 


Minimum Pulse Width: 
Clock Low Level 


Clock High Level 


Minimum Setup Time: 
TBRL to Clock 


DatatoTBRL »« 


Clock to TBRE 


*Typical values for Ta = 25°C and nominal Vpp. 
AMaximum limits of minimum characteristics are the values above which all devices function. 
TAI! measurements are made at the 50% point of the transition except tri-state measurements. 

* TRANSMITTER SHIFT 


* TRANSMITTER BUFFER REGISTER LOADED 
REGISTER LOADED 


| | 
7 —m| letep 


1 | 
be- tTHTH- Hogs 


TRO 
1 | L! : [ie¥oarn BIT 


t 
trTHR Leet = ke—tey 
| 


TBRE 2 | rn a 
he— tr Ts 


TRE 
| 
t 
tor ete tro 
T BUS O- z 
T BUS7 pete . 
% THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TBRL 92CM-34556 


% % THE TRANSMITTER SHIFT REGISTER,IF EMPTY,IS LOADED ON THE FIRST HIGH- TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS ATLEAST I/2 CLOCK PERIOD + tTHc AFTER THE TRAILING EDGE OF TBRL AND 
TRANSMISSION OF A START BIT OCCURS I/2 CLOCK PERIOD + tcp LATER 


Fig. 7 - Transmitter timing waveforms. 
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Specifications CDP6402, CDP6402C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp + 5%, tr, ty = 20 ns, 
Vin = 0.7 Vpp, Vi = 0.3 Vpp, CL = 100 pF 


a II 
CDP6402 CDP6402C 
cuanacrenierict fs eer 


[tyes [ wax4 | yee | moa | 


Minimum Pulse Width: 
Clock Low Level 


Clock High Level 


c —_ 
10 ele = = 
Data Start Bit to em 50 
Propagation Delay Time: __ 
DATA DATA RECEIVED RESET} RESET to tDDA oe 250 
Data Received 125 
Clock to Data Valid CDV rere a 
Clock to DR 
Hearne — ert 110 400 
Clock to Overrun Error COE 150 


Clock to Parity Error CPE “ 
Clock to Framing Error CFE 150 


*Typical values for Ta = 25°C and nominal Vpp. 


w“”) 
AMaximum limits of minimum characteristics are the values above which all devices function. Pao) 
TAI! measurements are made at the 50% point of the transition except tri-state measurements. KE E 
O © 
3 z 
‘cc Sacer” CLOCK 71/2 LOAD = = 
HOLDING REGISTER 
‘cu CL Os 
RRC i(Memsamemismiem7r@ prem i MemsmMensmemz7risfis O 
nee START BIT PARITY OP a I 
R BUS O “cov 
7 DATA 
R BUS 7 ae 
ce ee ee ee ee ed 
| 
cai 5 ig e-teD, 
ae aay 
t 
COE 
RX 
OE 
'cPE > - 
PE 
'CFE + 
FE 
92CM-34555 
*% 


IF A START BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH-TO-LOW TRANSITION 
OF THE CLOCK, THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO- 
LOW TRANSITION OF THE CLOCK THE START BIT MAY BE COMPLETELY ASYNCHRONOUS 
WITH THE CLOCK 


HE eA PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING 


REGISTER BY THE TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING 
REGISTER, THE OE SIGNAL WILL COME TRUE 


Fig. 8 - Receiver timing waveforms. 
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HD-4702 


CMOS Programmable Bit Rate Generator 


Features 
¢ HD-4702 Provides 13 Commonly Used Bit Rates 


e Uses a 2.4576MHz Crystal/input for Standard 
Frequency Output (16 Times Bit Rate) 


Low Power Dissipation 
e Conforms to EIA RS-404 


e One HD-4702 Controls up to Eight Transmission 
Channels 


¢ Initialization Circuit Facilitates Diagnostic Fault 
Isolation 


¢ On-Chip Input Pull-Up Circuit 


Ordering Information 


[proce [Tew nance one coe 
a oc 
-40°C to +85°C HD1-4702-9 

BEC 10 H105° 


-40°C to +85°C HD4-4702-9 


-55°C to +125°C HD4-4702-8 


* Respective /883 specifications are included at the end of this data 
sheet 


Ceramic DIP 


*/883 


SMD# 


Leaded Chip 
Carrier 


Truth Tables 


TRUTH TABLE FOR RATE SELECT INPUTS 
(Using 2.4576MHz Crystal) 


ps3 | sz] st | so | OUTPUT RATE (2) _ | 


MUX Input (IM) 
MUX Input (1M) 
50 Baud 

75 Baud 

134 5 Baud 
200 Baud 

600 Baud 
2400 Baud 
9600 Baud 
4800 Baud 
1800 Baud 
1200 Baud 
2400 Baud 
300 Baud 

150 Baud 

110 Baud 


TIUITrTITIIrTrTrrrrrer ree 
TrrTrerrererrTIrTIrTrece 
Torre TrerreretrtTrrertirere 
Se @MeLe Leelee Le 


NOTE.19200 Baud by connecting Q2 to IM 


Description 


The HD-4702 Bit Rate Generator provides the necessary 
clock signals for digital data transmission systems, such as a 
UART. It generates 13 commonly used bit rates using an on- 
chip crystal oscillator or an external input. For conventional 
operation generating 16 output clock pulses per bit period, 
the input clock frequency must be 2.4576MHz (i.e. 9600 
Baud x 16 x16, since there is an internal + 16 prescaler). A 
lower input frequency will result in a proportionally lower 
output frequency. 


The HD-4702 can provide multi-channel operation with a 
minimum of external logic by having the clock frequency CO 
and the + 8 prescaler outputs QO, Q1, Q2 available 
externally. All signals have a 50% duty cycle except 1800 
Baud, which has less than 0.39% distortion. 


The four rate select inputs (SO-S3) select which bit rate is at 
the output (Z). See Truth Table for Rate Select Inputs for 
select code and output bit rate. Two of the 16 select codes 
for the HD-4702 do not select an internally generated 
frequency, but select an input into which the user can feed 
either a different frequency, or a static level (High or Low) to 
generate “ZERO BAUD”. 


The bit rates most commonly used in modern data terminals 
(110, 150, 300, 1200, 2400 Baud) require that no more than 
one input be grounded for the HD-4702, which is easily 
achieved with a single 5-position switch. 


The HD-4702 has an initialization circuit which generates a 
master reset for the scan counter. This signal is derived from 
a digital differentiator that senses the first high_level on the 
CP input after the ECP input goes low. When ECP is high, 
selecting the crystal input, CP must be low. A high level on 
CP would apply a continuous reset. See Clock Modes and 
Initialization below. 


Pinout 


16 LEAD DIP 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 2954 
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HD-4702 


CLOCK MODES AND INITIALIZATION NOTE: Actual output frequency is 16 times the indicated 
Output Rate, assuming a clock frequency of 
| Su Clacked from bx H = HIGH Level 
Clocked from CP L = LOW Level 


NOTE: Actual output frequency is 16 times the indicated Output Rate, assum- JIO7L = ist HIGH Level Clock Pulse after ECP 
ing a clock frequency of 2.4576MHz. goes LOW 


Pin Description 


PIN NUMBER SYMBOL DESCRIPTION 
Vec Voc: !s the +5V power supply pin. A 0.1mF capacitor between pins 16 and 8 is | 
recommended for decoupling 


GROUND 
EXTERNAL CLOCK INPUT 


EXTERNAL CLOCK ENABLE: A low signal on this input allows the baud rate to be 
generated from the CP input. 


P 
CP 
X CRYSTAL INPUT 
O 
Z 


CRYSTAL DRIVE OUTPUT 
BIT RATE OUTPUT 


gens Im SoS; S2S3 | 
cCPoo OO OCoO 
MROaGaN OBER 


| CIRCUIT 
@ a > 


| 

| 

| 

| 

(©) o% : 
Lae a es eas as __ | 


@ ter - 
ih Rnd: 
ce - 


INITIALIZATION 1 


CP + 16/3 Q 
EE is acl ee | ‘ MR a 


Vop = PIN 16 

Vsg = PIN 8 

©) = PINNUMBER 

“ See Figure 4 in Design Information for 
Crystal Specifications. 


”) 
6 
<« O 
EE 
a6 
me 
o5 
== 
Os 
Oo 
es) 


HD-4702 


Application Information 
Single Channel Bit Rate Generator 


Figure 1 shows the simplest application of the HD-4702. 
This circuit generates one of five possible bit rates as 
determined by the setting of a single pole, 5-position switch. 
The Bit Rate Output (Z) drives one standard TTL load or four 
low power Schottky loads over the full temperature range. 
The possible output frequencies correspond to 110, 150, 
300, 1200, and 2400 Baud. For many low cost terminals, 
these five bit rates are adequate. 


1° SPST SWITCH 


Iu So Sy Sg Sg 


vy, 
S6pF HD-4702 


56pF 


%X Co A Q; Q Z 


2.4576 MHz 
CRYSTAL 


OUTPUT 


See Figure 4 


ee 
ee 
os ae 


1200 Baud 
2400 Baud 


FIGURE 1. SWITCH SELECTABLE BIT RATE GENERATOR 
CONFIGURATION PROVIDING FIVE BIT RATES. 


Simultaneous Generation of Several Bit Rates 


Figure 2 shows a simple scheme that generates eight bit 
rates on eight output lines, using one HD-4702 and one 
93L34 Bit Addressable Latch. This and the following 
applications take advantage of the built-in scan counter 
(prescaler) outputs. As shown in the block diagram, these 
outputs (Qo to Qo) go through a complete sequence of eight 
states for every half-period of the highest output frequency 
(9600 Baud). Feeding these Scan Counter Outputs back to 
the Select Inputs of the multiplexer causes the HD-4702 to 
interrogate sequentially eight different frequency signals. 
The 93L34 8-bit addressable Latch, addressed by the same 
Scan Counter Outputs, re-converts the multiplexed single 
Output (Z) of the HD-4702 into eight parallel output 
frequency signals. In the simple scheme of Figure 2, input S3 
is left open (HIGH) and the following bit rates are generated: 


QO: 110 Baud Q1: 9600 Baud Q2: 4800 Baud 
Q3: 1800 Baud Q4: 1200 Baud Q5: 2400 Baud 
Q6: 300 Baud Q7: 150 Baud 


Other bit rate combinations can be generated by changing 
the Scan Counter to Selector interconnection or by inserting 
logic gates into this path. 


Im So Si Sq Sy 


2.4576 MHz 
CRYSTAL 


A2 CL QO Qi Q 

Y o| o| of o 

=I 31313 

rt + 

FIGURE 2. BIT RATE GENERATOR CONFIGURATION WITH 
EIGHT SIMULTANEOUS FREQUENCIES. 


* See Figure 4 


19200 Baud Operation 


Though a 19200 Baud signal is not internally routed to the 
multiplexer, the HD-4702 can be used to generate this bit 
rate by connecting the Q, output to IM input and applying 
select code. An additional 2-input NOR gate can be used to 
retain the “Zero Baud” feature on select code 1 for the 
HD-4702 (See Figure 3). 


IM So Sy Sq Sy 


2.4576 MHz 
CRYSTAL 
OUTPUT 
FIGURE 3. FIGURE 3. 19200 BAUD OPERATION 


* See Figure 4 


2.4576MHz “AT” Cut 
[sae Resnce ed [5 


FIGURE 4. CRYSTAL SPECIFICATIONS 
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Specifications HD-4702 


Absolute Maximum Ratings Reliability Information 

SUDDIV: VONAGG oe cic Sans as water eee ein ia es SS ees +8.0V Thermal Resistance Gia Bic 
Input, Output or I/O Voltage ............. GND-0.5V to Voct+0.5V Ceramic DIP Package............. 17.1°C/AW 75.7°C/IW 
Storage Temperature Range ................. -65°C to +150°C Maximum Package Power Dissipation at +1 25°C 

Junction Temperature... 2.6... cc cee eee +175°C Ceramic DIP Package.............. 20 cece eee eens 660mW 
Lead Temperature (Soldering 10s)...............+.04- +300°C Gate Count 0.0... cece cece cece eee cnet nes 720 Gates 
ESD: CIASSINICANION, «i, vain 3 Ae ee ds te daa Keene ew Class 1 

Typical Derating Factor............ 1mA/MHz Increase in ICCOP 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range..................05- +4.5V to +5.5V Operating Temperature Range 
HO4702-8 icinewieessae eyes oe tet heehee -40°C to +85°C 
HO-4702-8.23.4..s casa nese brea seem eaves -55°C to +125°C 


DC Electrical Specifications Vo, = 5V + 10%, Ty = -40°C to +85°C (HD-4702-9), T, = -55°C to +125°C (HD-4702-8) 


SYMBOL PARAMETER 


ee 


liex Input Low Current 
(Ix Input) 
Input Low Current 
(All Other Inputs) 
Output High Current 
(Ox) 
Output High Current 
(All Other Outputs) 
Output High Current 
(All Other Outputs) 


LIMITS 


TEST CONDITIONS 


<x lor S$ +1pA, Voc = 4.5V, (Note 1) 
+ — Vin = Voc: All Other Pins = OV, Veg = 5.5V 


Vin = OV, All Other Pins = Voo:Vcc = 5.5V 


pA Vin = OV, All Other Pins = Voc, Voc = 5.5V 
(Note 2) 


Vout = Vcc - 0.5, Veo = 4.5V, Input at OV or Voc per 
Logic Function or Truth Table 


f= | Vout = 2.5V, Voc = 4.5V, Input at OV or Voc per 


Logic Function or Truth Table 


mA Vout = Voc -0.5, Voc = 4.5V, Input at OV or Voc per 
Logic Function or Truth Table 

mA Vout = 0.4V, Voc = 4.5V, Input at OV or Vec per 
Logic Function or Truth Table 
Vout = 0.4V, Voc = 4.5V Input, at OV or Vec per 
Logic Function or Truth Table 


Eop = Vee: CP = OV, Vec = 5.5V, 
All Other Inputs = GND, (Note 2). 


Output Low Current 
(Ox) 

Output Low Current 
(All Other Outputs) 


Supply Current 
(Static) 


1000 pA Eop = Voc, CP = OV, Voc = 5.5V, 
All Other Inputs = Vcc, (Note 2). 
NOTES 
1. Interchanging of force and sense conditions is permitted. 2. Input Current and Quiescent Power Supply Current are relatively 


higher for this device because of active pull-up circuits on all 
inputs except ly. 
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HD-4702 


AC Electrical Specifications Vo, = 5V + 10%, T, = -40°C to +85°C (HD-4702-9), T, = -55°C to +125°C (HD-4702-8) 


LIMITS 


TEST 


SYMBOL A.C. PARAMETER UNITS CONDITIONS 


Propagation Delay, |x to CO 


teiy Propagation Delay, CP to CO 


Propagation Delay, CO to Qn 

pte Propagation Delay, CO to Z 

Output Transition Time (Except Ox) 
ee 
ee 
ae CL 
ead 
pede 


Voc = 4.5V 
C, < 7pF on Ox 
CL = 50pF 
(Note 1) 


Propagation Delay |, to CO 
Propagation Delay CP to CO 
Propagation Delay CO to Qn 
Propagation Delay CO to Z 

Output Transition Time (Except O,) 


Voc = 4.5V 
C. < 7pF on Ox 
CL = 15pF 
(Note 1) 


NOTES: 
1. Propagation Delays (tp. and tp, ) and Output Transition Times 3. The first High Level Clock Puise after Ecp goes Low must be at 
(trLy and ty.) will change with Output Load Capacitance (C,). least 350ns long to guarantee reset of ail Counters. 


Setup Times (t,), Hold Times (t,), and Minimum Pulse Widths 


(ty) do not vary with load capacitance. 4. Itis recommended that input rise and fall times to the clock inputs 


' ; ; (CP, |x) be less than 15ns. 
2. For multichannel operation, Propagation Delay (CO to Qn) plus 


Set-Up Time, Select to CO, is guaranteed to be < 367ns. 
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Capacitance T, = +25°C; Frequency = 1MHz 


SYMBOL PARAMETER TYPICAL UNITS CONDITIONS 
Input Capacitance All measurements are referenced the 


device GND 


Switching Waveforms 


tw(H) tw(L) 
50% 50% 50% 
CPA 


50% 


co 


ts th 


wn SSGSK 50% WW ">? ™E 


NOTE: Set-Up and Hold Times are shown as positive values but may be specified as negative values. 


AC Testing Input, Output Waveform 


INPUT OUTPUT 
ViH Vou 
50% 50% 

Vit VoL 


NOTE: AC Testing: All input signals must switch between V;, and Vj. Input rise and fall times are driven at 1nsec per volt. 
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i} HARRIS 


HD-4702/883 


January 1992 CMOS Programmable Bit Rate Generator 


Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1. 2. 1. 

e HD-4702/883 Provides 13 Commonly Used Bit Rates 

e Uses a 2.4576MHz Crystal/Input for Standard 
Frequency Output (16 Times Bit Rate) 

e Low Power Dissipation 

e Conforms to EIA RS-404 

e One HD-4702/883 Controls up to Eight Transmission 
Channels 

© Initialization Circuit Facilitates Diagnostic Fault 
Isolation 

® On-Chip Input Pull-Up Circuit 


Pinout 


HD1-4702/883 (CERAMIC DIP) 
TOP VIEW 


Description 


The HD-4702/883 Bit Rate Generator provides the 
necessary clock signals for digital data transmission 
systems, such as a UART. It generates 13 commonly used 
bit rates using an on-chip crystal oscillator or an external 
input. For conventional operation generating 16 output 
clock pulses per bit period, the input clock frequency must 
be 2.4576MHz (i.e. 9600 Baud x 16 x16, since there is an 
internal + 16 prescaler). A lower input frequency will result 
in a proportionally lower output frequency. 


The HD-4702/883 can provide multi-channel operation 
with a minimum of external logic by having the clock 
frequency CO and the + 8 prescaler outputs Qo, Q41, Qa 
available externally. All signals have a 50% duty cycle 
except 1800 Baud, which has less than 0.39% distortion. 


The four rate select inputs (Sg-S3) select which bit rate is at 
the output (Z). See Truth Table for Rate Select Inputs for 


Truth Tables 
TRUTH TABLE FOR RATE SELECT INPUTS 
(Using 2.4576MHz Crystal) 


OUTPUT 
RATE (2) 


MUX Input (Ij) 
MUX Input (I) 
50 Baud 

75 Baud 

134.5 Baud 
200 Baud 

600 Baud 
2400 Baud 
9600 Baud 
4800 Baud 
1800 Baud 
1200 Baud 
2400 Baud 
300 Baud 

150 Baud 

110 Baud 


19200 Baud by connecting Qo to Iny 


DET Merrrrrrirrere 
Doerr Loererwirriirrer 
Deueterririririr 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


NOTE. 


select code and output bit rate. Two of the 16 select codes 
for the HD-4702/883 do not select an internally generated 
frequency, but select an input into which the user can feed 
either a different frequency, or a static level (High or Low) to 
generate “ZERO BAUD”. 


The bit rates most commonly used in modern data terminals 
(110, 150, 300, 1200, 2400 Baud) require that no more than 
one input be grounded for the HD-4702/883, which is 
easily achieved with a single 5-position switch. 


The HD-4702/883 has an _ initialization circuit which 
generates a master reset for the scan counter. This signal is 
derived from a digital differentiator that senses the first high 
level on the CP input after the Ecp input goes low. When 
Ecp is high, selecting the crystal input, CP must be low. A 
high level on CP would apply a continuous reset. See Clock 
Modes and Initialization below. 


CLOCK MODES AND INITIALIZATION 


Clocked from lx 
Clocked from CP 

Continuous Reset 

Reset During 1st CP = High Time 


NOTE: Actual output frequency is 16 times the indicated Output Rate, 
assuming a clock frequency of 2.4576MHz. 


H = HIGH Level 
L = LOW Level 
X = Don’t Care 
J LL 


pa ie le 


= Clock Pulse 


= 1st HIGH Level Clock 
Pulse after Ecp goes LOW 
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File Number 
5-82 


Specifications HD-4702/883 


Absolute Maximum Ratings 


BUDD ly VONAGE! 5 2c.5 gaara at aweecceaces ale ceed aes Ae ences +8.0V 
Input, Output or 

1/O Voltage Applied ................ GND - 0.5V to Vcc + 0.5V 
Storage Temperature Range ...........-...-- -659C to +150°C 
Junction Temperature ....... 0.0.0. ccc cece cece en eeees +1759C 
Lead Temperature (Soldering, 10 Seconds) ............. +300°C 
ESD Classification <iscinh se vod Seeks Cowes reek eee Class 1 
Typical Derating Factor ............ 1mA/MHz Increase in ICCOP 


Reliability Information 


Thermal Resistance, Junction-to-Case (0c) 


Ceramic DIP Package ............ 0c. cece eee eens +17.19C/W 
Thermal Resistance, Junction-to-Ambient (Oj) 

Ceramic DIP Package ......6. cc siees wecee een enes +75.79C/W 
Maximum Package Power Dissipation @ +125°C 

Ceramic DIP Package +++ ++ rteee treet tere eee e eens 660mW 
Odie COUN aly eeeawe ea lilehar ete Leta eetenee fates 720 


CAUTION Stresses above those listed in the “Absolute Maximum Ratings" may cause permanent damage to the device This is a stress only rating and 
operation of the device at these or any other conditions above those indicated in the operation section of this specification 1s not implied 


Operating Conditions 


Operating Voltage Range ............ eee ee eee +4.5V to +5.5V 
Operating Temperature Range ............... ~559C to +1259C 


TABLE 1. 


Device Guaranteed and 100% Tested 


IH | Voc =45V -55°C <Ta < +1259C | Voc 70% 
IL | Veg =45V -55°C <Ta < +1259C 
H 


VOH1 
VOL1 
I 


Input Low Current LX 
(IX Input) 


VIN = OV, All Other Pins = Voc, 
Voc =55V 


Input Low Current 
(All Other Inputs) 


VIN = OV, All Other Pins = Voc, Voc = § 5V 
(Note 2) 


Output High Current Vout = Vcc -95,Vcc = 4.5V 
(OX) Input at OV or Vcc per Logic Function 
or Truth Table 


Output High Current 
(All Other Outputs) 


Vout = 2 5V, Vcc = 4 5V 
Input at OV or Vcc per Logic Function 
or Truth Table 


Output High Current 
(Ail Other Outputs) 


Vout = Voc -95,Vcc = 4 5V 
Input at OV or Vcc per Logic Function 
or Truth Table 


Output Low Current Vout =94V. Vcc = 4 5V 
(OX) Input at OV or Vcc per Logic Function 
or Truth Table 


Output Low Current 
(Ali Other Outputs) 


Vout =0.4V, Vcc = 45V 
Input at OV or Vcc per Logic Function 
or Truth Table 


Supply Current 
(Static) 


Ecp =Vcc, CP = OV, Voc = 5.5V 
All Other Inputs = GND, (Note 2) 
Ecp =Vcc, CP = OV, Voc = 5 5V 
All Other Inputs = Vcc, (Note 2) 


NOTES 


1. Interchanging of force and sense conditions is permitted 


IOH < -1pA, Voc = 4 SV, (Note 1) 55°C <Ta< +125°9C Voec-01 
ee ee Dee 
VIN = Vcc All Other Pins = OV, Vccg = 5 5V -55°C <TA <+125°C 


D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUPA LIMITS 
SUBGROUPS TEMPERATURE MA UNITS 


Vcc 30% 


01 


oe ic 


+ 
+1 


-100 pA 


Vv 
Vv 
Vv 
V 
A 
A 
A 
A 
A 
A 
A 
pA 
pA 


-55°C <Ta < +125°C 


-55°C <Ta < +125°C 


2,3 
i263 
2,3 
2,3 
,2,3 
12,3 


1, 

; 

1, 

i 
int 
~55°C < Tap < +125°C 


1500 
1000 


mM 
mn 
m 
m 
m 
-55°C <Ta < +125°C m 
m 


-55°C <Tp < +125°C 


le 
[Yoo 70% 
-1 
-1 
load 
he 
-10 
-55°C <Ta < +125°C 


2. Input Current and Quiescent Power Supply Current are relatively higher for this device because of active 


pull-up circuits on all inputs except Ix 


CAUTION These devices are sensitive to electrostatic discharge. Proper |C handling procedures should be followed. 
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COMMUNICATIONS 


Specifications HD-4702/883 


Device Guaranteed and 100% Tested. 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMIT. 
GROUPA 2 


A.C. PARAMETERS SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE 


9,10, 11 -559C <Ta <+1259C 120 

9, 10, 11 -559C <Ta < +1259C 120 
Minimum ly Pulse Width, Low twCP(L) 9, 10, 11 -§5°C < Ta < +1259C 160 
(Note 4) 


Minimum ly Pulse Width, High twCP(H) 9, 10, 11 -55°C < Ta < +1259C 160 
(Note 4) 


1. Propagation Delays (tPLH and tPHL) and Output Transition Times (tTLH and tTHL) will change with Output Load Capacitance (CL). Set-up Times (ts), Hold 
Times (th), and Minimum Pulse Widths (tw) do not vary with load capacitance. 


UNITS 


Propagation Delay, ly to CO 3 


27 


oO 


Propagation Delay, CP to CO 


6) 


220 


Propagation Delay, CO to Qn 


— 


ote 


~~ 


ziz 

° 

- 

ro) @ 
nm | 


dll 


Propagation Delay, CO to Z 
7 
16 
7 


oO 


Output Transition Time 
(Except Ox) 


CL <7pF on Ox 


CL = 50pF 


oO 


(Note 1) 


Minimum Clock Pulse Width, twCP(L) 
Low (Notes 3, 4) 
Minimum Clock Pulse Width, twCP(H) 
High (Notes 3, 4) 


2. For multichannel operation, Propagation Delay (CO to Qn) plus Set-Up Time, Select to CO, is guaranteed to be < 367ns. 
3. The first High Level Clock Pluse after Ecp goes Low must be at least 350ns long to guarantee reset of all Counters. 


4. It is recommended that input rise and fall times to the clock inputs (CP, Ix) be less than 15ns. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| Limits | 
A.C. PARAMETERS |SYMBOL CONDITIONS =e TEMPERATURE | min) | MAX UNITS 


Input Capacitance z= All Measurements are referenced Ta = +25°9C pcre ale 
to device ground, f = 1MHz. 
Propagation Delay -559C <Ta < +1259C 
lx to CO 
-55°C < Ta < +125°9C 
B50C < Ta < 412500 


Propagation Delay 


CP to CO 
Voc = 4.5V -559C < Ta < +1259C 
Propagation Delay CL <7pF on Ox -55°C < Ta < +125°C 


CO to Qn 


CL = 15pF 


Propagation Delay 
COtoZ 


1.3 [sso <a t125°6 


NOTES: 1. The parameters listed in table 3 are controlied via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design and after major process and/or design changes. 


Output Transition 
Time (Except Ox) 


2. For multichannel operation, Propagation Delay (CO to Qn) plus Set-Up Time, Select to CO, ts guaranteed to be < 367ns. 


3. Propagation Delays (tPLH and tPHL) and Output Transition Times (tTLH and tTHL) will change with Output Load Capacitance (CL). Set-up 
Times (ts), Hold Times (th), and Minimum Pulse Widths (tw) do not vary with load capacitance. 


TABLE 4. APPLICABLE SUBGROUPS 


Tiree tomrscoe 
[eines so s00e 
SA 
or ee 


7p) 
5 
q <= 
EE 
aa 
O99 
os 
ss 
OS 
‘@) 
©O 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Burn-In Circuit 
HD-4702/883 CERAMIC DIP 


Voc 
Cy 
Ry JL 
Voc/2 1 16) 
R4 R4 
Vec/2 Bi 15} F4 
R R 
Voc/2 “ | v\ F12 
GND : F13 
R R 
Fo “ | M\ F14 
Vec/2 6 | 11 F15 
R4 R 
GND 10] M Vec/2 
1 
V 
GND EJ 9 | CC/2 
\/ 


NOTES: Fo = 100KHz + 10%, Fy = Foso, Fo = Fy/o,.. 
Ry = 10k, 1/4 W, +10% 
Voc = 5.5V + 0.5V, GND = OV 
Cy = 0.01 pF minimum 


Packaging 
16 PIN CERAMIC DIP 


me 
015 | 
2015 150 MIN 
060 
125 080 MAX = 
180 * 100 
016 BSC 
023 
.050 * 
065 *« INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, 
MATERIALS: Compliant to MIL-M-38510 GDIP1-T16 


NOTE: All Dimensions are 7 , Dimensions are in inches. 
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Metallization Topology 
DIE DIMENSIONS: 
100 x 97 x 19 mils 
ae ee a i 
Type: Si - 
Thickness: ne 12kA 
GLASSIVATION: 
Type: SiOo 
Thickness: 7kA - 9kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 
7.1 x 104A/cm2 


Metallization Mask Layout 
HD-4702/883 


Qo Vcc 
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@ HARRIS HD-6402 


CMOS Universal Asynchronous 
January 1992 Receiver Transmitter (UART) 


Features Description 


© 8.OMHz Operating Frequen HD-6402 

P g quency ( B) The HD-6402 is a CMOS UART for interfacing computers 
¢ 2.0MHz Operating Frequency (HD-6402R) or microprocessors to an asynchronous serial data channel. 
e Low Power CMOS Design The receiver converts serial start, data, parity and stop bits. 
¢ Programmable Word Length, Stop Bits and Parity The transmitter converts parallel data into serial form and 


; : ; automatically adds start, parity and stop bits. The data word 
e Automatic Data Formatting and Status Generation length can be 5, 6,7 or 8 bits. Parity may be odd or even. 


¢ Compatible with Industry Standard UARTs Parity checking and generation can be inhibited. The stop 
e Single +5V Power Supply bits may be one or two or one and one-half when transmit- 
¢ CMOS/TTL Compatible Inputs ting 5 bit code. 

: : The HD-6402 can be used in a wide range of applications 
Ordering Information including modems, printers, peripherals and remote data 


acquisition systems. Utilizing the Harris advanced scaled 
SAJI IV CMOS process permits operation clock frequencies 
up to 8.0MHz (500K Baud). Power requirements, by 
comparison, are reduced from 300mW to 10mW. 
Status logic increases flexibility and simplifies the user 
interface. 


TEMP. 2MHz = 8MHz = 
PACKAGE RANGE 125K BAUD 500K BAUD 
Plastic DIP | -40°9C to +85°9C | HD3-6402R-9 | HD3-6402B-9 
Ceramic DIP} -40°C to +85°C | HD1-6402R-9 | HD1-6402B-9 


* /883 ~55°C to +1259C HD1-6402B/ 
883 883 
5962-9052501 | 5962-9052502 
MQA MQA 


* Respective /883 specifications are included at the end of this data sheet 


SMD# 


Pinout 40 LEAD DIP Control Definition 
TOP VIEW 


CONTROL WORD CHARACTER FORMAT 


CLS | CLS START | DATA | PARITY | STOP 
2 1 BIT BITS BIT BITS 
) 6) 0) 0 0 1 5 ODD 1 


x-A - OOK KA SH OOK KA HP OO cK KH HK OO 


ah hahah ass Uhl UC CC OOCOO COO OO OCOOCO_LCOCJOClcOULUloO 


—~_ st es es 4s ot O OF O OO OO = =| = + |= = © CO CO OO OO 
~?A =- O 0 02 0 eS re0 00 0 fe 20000+ +00 0 
~ O- Of Of-F dOnt dao5noesn2odoeerO0O0O2+2 0202+ 0 2 
ewe mht hhh heh heheheh 
DMO AWAOWAAWANN NNN NO OWOOWMWOOA A NA OH 


mM —~ ™ — A —|— A | — | HO | /|H | —SH | | =; 


x< 


CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper I.C. Handling Procedures. 
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Functional Diagram 


(32) (30) (28) (26) 
TBR8 (33) (31) (29) (27) TBRI 


| 

pace 

PARITY | 
| 


MULTIPLEXER 
a es (25) TRO 
(38) CLS1 | (36) SBS 
CONTROL (16) SFD 
7) CES2 REGISTER (39) EPE 
(34) CRL (35) PI 
(21) MR | 
| a (20) RRI 
(17) RRC RECEIVER 7 MULTIPLEXER 
| TIMING AND as | 
noo CONTROL 
(18) DRR aa ea | 
aa | 
(19) DR LOGIC ! 
eee a ee | 
(18) seo | VV Vy, Veen W Aw Aw Aw Aw Aw Aw Aw (4) RRD 
| _ BUFFERS et See 
* RBR8 * RBRI 
* THESE OUTPUTS ARE * OF * FE * PE (5) (6) (7) (8) (9) (10) (11) (12) 
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HD-6402 


Pin Description 


[PIN [TvPE|SYMBOL| ____DESCRIPTION 


O0O000000 


Positive Voltage Supply 

No Connection 

Ground 

A high level on RECEIVER REGISTER 


DISABLE forces the receiver holding out- 
puts RBR1-RBR8 to high impedance state. 
The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs. Word formats less than 8 char- 
acters are right justified to RBR1. 

See Pin 5-RBR8 

See Pin 5-RBR8 


See Pin 5-RBR8 


See Pin 5-RBR8& 

See Pin 5-RBR8 

See Pin 5-RBR8 

See Pin 5-RBR8& 

A high level on PARITY ERROR indicates 
received parity does not match parity 
programmed by control bits. When parity 
is inhibited this output is low. 

A high level on FRAMING ERROR indicat- 
es the first stop bit was invalid. 

A high level on OVERRUN ERROR indicat- 
es the data received flag was not cleared 
before the last character was transferred 
to the receiver buffer register. 


* AO.1pF decoupling capacitor from the VCC pin to the GND is recommended. 


pu re eo __pesc aero 


A high level on STATUS FLAGS DISABLE 
forces the outputs PE, FE, OE, DR, TBRE 
to a high impedance state. 


The Receiver register clock is 16X the 
receiver data rate. 


A low level on DATA RECEIVED RESET 
clears the data received output DR toa 
low level. 


A high level on DATA RECEIVED indicates 
a character has been received and trans- 
ferred to the receiver buffer register. 

Serial data on RECEIVER REGISTER IN- 
PUT is clocked into the receiver register. 


Ahigh level on MASTER RESET clears PE, 
FE, OE and DR to a low level and sets the 
transmitter register empty (TRE) toa 

high level 18 clock cycles after MR falling 
edge. MR does not clear the receiver buffer 
register. This input must be pulsed at least 
once after power up. The HD-6402 must 
be master reset after power up. The reset 
pulse should meet VIH and tyyp,_. Wait 18 
clock cycles after the falling edge of MR 
before beginning operation. 

A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the transmit- 
ter buffer register has transferred its 

data to the transmitter register and is 
ready for new data. 


20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 


21 22 23 24 25 26 27 28 29 30 31 32 3334 35 36 


Ci a pm [res rweon) _pesenrnow 


A low level on TRANSMITTER BUFFER 
REGISTER LOAD transfers data from 
inputs TBR1-TBR8 into the transmitter 
buffer register. A low to high transition 
on TBRL initiates data transfer to the 
transmitter register. If busy, transfer is 


automatically delayed so that the two char- 
acters are transmitted end to end. 


A high level on TRANSMITTER REGISTER 
EMPTY indicates completed transmission 
of a character including stop bits. 
Character data, start data and stop bits 
appear serially at the TRANSMITTER REG- 
ISTER OUTPUT. 

Character data is loaded into the TRANS- 
MITTER BUFFER REGISTER via inputs 
TBR1-TBR8. For character formats less 
than 8 bits the TBR8, 7 and 6 inputs are 
ignored corresponding to their program- 
med word length. 

See Pin 26-TBR1. 

See Pin 26-TBR1. 

See Pin 26-TBR1. 

See Pin 26-TBR1. 
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See Pin 26-TBR1. 

See Pin 26-TBR1. 

See Pin 26-TBR1. 

A high level on CONTROL REGISTER LOAD 
loads the control register with the control 
word. The control word is latched on the 
falling edge of CRL. CRL may be tied high. 
A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low. 

Ahigh level on STOP BIT SELECT selects 
1.5 stop bits for 5 character format and 

2 stop bits for other lengths. 

These inputs program the CHARACTER 
LENGTH SELECTED (CLS1 low CLS2 low 
5 bits) (CLS1 high CLS2 low 6 bits) 

(CLS1 low CLS2 high 7 bits) (CLS1 high 
CLS2 high 8 bits.) 

See Pin 37-CLS2. 

When Plis low, a high level on EVEN 
PARITY ENABLE generates and checks 
even parity. A low level selects odd parity. 
The TRANSMITTER REGISTER CLOCK is 
16X the transmit data rate. 


HD-6402 


Transmitter Operation 


The transmitter section accepts parallel data, formats the 
data and transmits the data in serial form on the Transmitter 
Register Output (TRO) terminal (See serial data format). 
Data is loaded from the inputs TBR1-TBR8 into the 
Transmitter Buffer Register by applying a logic low on the 
Transmitter Buffer Register Load (TBRL) input (A). Valid 
data must be present at least tset prior to and thold 
following the rising edge of TBRL. If words less than 8 bits 
are used, only the least significant bits are transmitted. The 
character is right justified, so the least significant bit corre- 
sponds to TBR1 (B). 


TRANSMITTER TIMING TBRE 
(NOT TO SCALE) —+ 0 T0 1 CLOCK 

TRE 

TRO 


Receiver Operation 


Data is received in serial form at the Receiver Register Input 
(RRI). When no data is being received, RRI must remain 
high. The data is clocked through the Receiver Register 
Clock (RRC). The clock rate is 16 times the data rate. A low 
level on Data Received Reset (DRR) clears the Data Receiv- 
er (DR) line (A). During the first stop bit data is transferred 
from the Receiver Register to the Receiver Buffer Register 
(RBR) (B). If the word is less than 8 bits, the unused most 
significant bits will be a logic low. The output character is 


RRI 


RBR1-8, OE. PE 
RECEIVER TIMING 
(NOT TO SCALE) DRR 


FE 


START BIT 


SERIAL DATA 
FORMAT 


| 


5-8 DATA BITS 


The rising edge of TBRL clears Transmitter Buffer Register 
Empty (TBRE). 0 to 1 Clock cycles later, data is transferred 
to the transmitter register, the Transmitter Register Empty 
(TRE) pin goes to a low state, TBRE is set high and serial 
data information is transmitted. The output data is clocked 
by Transmitter Register Clock (TRC) at a clock rate 16 times 


the data rate. A second low level pulse on TBRL loads data 
into the Transmitter Buffer Register (C). Data transfer to the 
transmitter register is delayed until transmission of the cur- 
rent data is complete (D). Data is automatically transferred 
to the transmitter register and transmission of that character 
begins one clock cycle later. 


he— 1/2 CLOCK 


DATA ! 


() @) END OF LAST STOP BIT 


right justified to the least significant bit RBR1. A logic high 
on Overrun Error (OE) indicates overruns. An overrun 
occurs when DR has not been cleared before the present 
character was transferred to the RBR. One clock cycle later 
DR is reset to a logic high, and Framing Error (FE) is 
evaluated (C). A logic high on FE indicates an invalid stop 
bit was received, a framing error. A logic high on Parity Error 
(PE) indicates a parity error. 


27 BEGINNING OF FIRST STOP BIT 


72 CLOCK CYCLES 


1 CLOCK CYCLE 


® © 


1, 1% OR 2 STOP BITS 


PARITY “IF ENABLED 
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HD-6402 


Start Bit Detection 


The receiver uses a 16X clock timing. The start bit could 
have occurred as much as one clock cycle before it was de- 
tected, as indicated by the shaded portion (A). The center of 
the start bit is defined as clock count 7 1/2. If the receiver 
clock is a symmetrical square wave, the center of the start 


bit will be located within +1/2 clock cycle, +1/32 bit or 
3.125% giving a receiver margin of 46.875%. The receiver 
begins searching for the next start bit at the center of the 
first stop bit. 


eee TLL LLL Lon 


RRI INPUT ZOV START 


—— COUNT 7" DEFINED 


CENTER OF START BIT 


7 CLOCK CYCLES 
BY, CLOCK CYCLES 


Interfacing With The HD-6402 


TRANSMITTER 
TBRI 


RECEIVER 


RS232 RS232 
_ DRIVER EX sieceiven 


DIGITAL 
SYSTEM 


DIGITAL 
SYSTEM 


RS232 RS232 
ARI) ecewer |X | oniver = 


TRANSMITTER 


RECEIVER 


TYPICAL SERIAL DATA LINK 
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Specifications HD-6402 


Absolute Maximum Ratings 


SUDDIY VONAGE is nie hs es Seta eee hatig sede wee es +8.0V 
Input, Output or I/O VoltageApplied ...... GND-0.5V to VCC+0.5V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 2... ccc ee eee +175°C 
Lead Temperature (Soldering 10s)................-06- +300°C 
ESD Classification ......... 0... cece ee cee ee tenes Class 1 
Typical Derating Factor............ 1mA/MHz Increase in ICCOP 


Reliability Information 


Thermal Resistance ................ Ba Bi 
Ceramic DIP Package............. 48.3°°CWW = 14.8°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ............. cece ee ee eee eee 1.03W 
Gate Count i465 cia in PR Renew e eee 1643 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................-26-- +4.5V to +5.5V 


Operating Temperature Range 
HD-6402R-9, HD6402B-9 ................... -40°C to +85°C 


DC Electrical Specifications VCC =5.0V + 10%, T, = -40°C to +85°C (HD-6402R-9, HD-6402B-9) 


PARAMETER 


Logical “1” Input Voltage 


SYMBOL 
VI 


VOH Logical “1” Output Voltage 3.0 


Logical “O” Output Voltage 
HO Output Leakage Current 


Operating Supply Current* | 


*Guaranteed, but not 100% tested 


Capacitance TA = +25°C 


input Capacitance 
Output Capacitance CouT | 


vice GND 


scene 
oad 


Standby Supply Current Ed 


PARAMETER SYMBOL CONDITIONS 


Freq. = 1MHz, all measurements are referenced to de- 


CONDITIONS 


VCC = 5.5V 
VCC = 4.5V 
VIN = GND or VCC, VCC = 5.5V 


IOH = -2.5mA, VCC = 4.5V 
IOH = -100pA 


IOL = +2.5mA, VCC = 4.5V 
VO = GND or VCC, VCC = 5.5V 


pA VIN = GND or VCC; VCC = 5.5V, 
Output Open 


mA VCC = 5.5V, Clock Freq. = 2MHz 
VIN = VCC or GND, Outputs Open 


UNITS 


AC Electrical Specifications VCC =5.0V + 10%, T, = -40°C to +85°C (HD-6402R-9, HD6402B-9) 


Ce Ce 
[own [Puowanwa eo 
[anset_|inpadaasouptine |= 
[e100 [npa bea votre |e 
[eren [ouputenanetme | - 


LIMITS HD-6402R {| LIMITS HD-6402B 


Lewoo. | eanmueren eT woe | an 


UNITS CONDITIONS 


MHz | CL =50pF 


= See Switching Waveform 
prs 
| ns 
| ns 
[rs 
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HD-6402 


Switching Waveforms 


TBR1 - TBR8 VALID DATA 


CLS1, CLS2, SBS, PI, EPE 
SFD 


RRD 
VALID DATA 


STATUS OR 
RBR1 -RBRS 
tEN 
(6) 
(2) 
DATA INPUT CYCLE CONTROL REGISTER LOAD CYCLE STATUS FLAG OUTPUT ENABLE TIME 


OR DATA OUTPUT ENABLE TIME 


A.C. Testing Input, Output Waveform 


INPUT OUTPUT 


VIH + 20% VIH VOH 
1.5V 1.5V 
VIL - 50% VIL VOL 


AC. Testing: All input signals must switch between VIL - 50% VIL and VIH + 
20% VIH. Input rise and fall times are driven at 1ns/V. 


Test Circuit 


Cc 


|. * 


* Includes stray and jig capacitance, CL = S50pF 
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SEMICONDUCTOR 


HD-6402/883 


CMOS Universal Asynchronous 


January 1992 Receiver Transmitter (UART) 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ 8.0MHz Operating Frequency (HD-6402B/883) 

e 2.0MHz Operating Frequency (HD-6402R/883) 

e Low Power CMOS Design 

e Programmable Word Length, Stop Bits and Parity 
e Automatic Data Formatting and Status Generation 
¢ Compatible with Industry Standard UARTs 

e Single +5V Power Supply 

e CMOS/TTL Compatible Inputs 


Description 


The HD-6402/883 is a CMOS UART for interfacing com- 
puters or microprocessors to an asynchronous serial data 
channel. The receiver converts serial start, data, parity and 
stop bits. The transmitter converts parallel data into serial 
form and automatically adds start, parity and stop bits. The 
data word length can be 5, 6,7 or 8 bits. Parity may be odd 
or even. Parity checking and generation can be inhibited. 
The stop bits may be one or two or one and one-half when 
transmitting 5 bit code. 


The HD-6402/883 can be used in a wide range of applica- 
tions including modems, printers, peripherals and remote 
data acquisition systems. Utilizing the Harris advanced 
scaled SAJI IV CMOS process permits operation clock 
frequencies up to 8.OMHz (500K Baud). Power require- 
ments, by comparison, are reduced from 300mW to 10mW. 
Status logic increases flexibility and simplifies the user 
interface. 


Pinout 


HD1-6402/883 (CERAMIC DIP) 
TOP VIEW 


Control Definition 


CONTROL WORD CHARACTER FORMAT 


START | DATA | PARITY | STOP 
BiT BITS BIT BITS 


oO 


an ae ee no i © OE © © OM © OR ORO MOM OMom fi: i all @) 


=--e-86-6-4-4 4a QoQq0do000r22224220000 00 
-~- Oo 9o0 OO Heroooooeonr He OoOOooclUlUmUmlmUmwRtDChMUcw ARBtDCOUCOUCUULUcD 
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Specifications HD-6402/883 


Absolute Maximum Ratings 


SUDDlY VOlEIS 6.2 oc cbe esos sas atawters 6ikuw Sewdadess +8.0V 
Input, Output or I/O Voltage Applied .... GND-0.5V to VCC+0.5V 
Storage Temperature Range ................. -659C to +1509C 
Junction Temperature ....... 0.0... c eee e cece nee ees +175°9C 
Lead Temperature (Soldering 10 sec) ........ 0.0 cee eaee +300°C 
ESD: Classificatlony cisivcnd Shaw edo eta we WAY ated chan edy Class 1 
Typical Derating Factor............ 1mA/MHz Increase in ICCOP 


Reliability Information 


Thermal Resistance Sia Bic 
Ceramic DIP Package ............00005 48.3°0C/W 14.89C/W 
Maximum Package Power Dissipation at +1259C 
Ceramic DIP Package... ....... cece cece cece e cere cccees 1.03W 
Gate: Countian: 2.30. ven. edvs ides soe ied sees aaeaeee 1643 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..............ece ee eeee +4,.5V to +5.5V 
Operating Temperature Range ............... -559C to +1259C 


TABLE 1. HD-6402/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested. 


Input Leakage Current VIN = GND or VCC, 
VCC = 5.5V 

Logical “1” Output VOH 1IOH = -2.5mA, 

Voltage VCC = 4.5V, (Note 1) 

VOH |IOH=-100nA, 

VCC = 4.5V, (Note 1) 

Logical “0” Output VOL IOL = +2.5mA, 

Voltage VCC = 4.5V, (Note 1) 

Output Leakage Current VO =GND or VCC, _ 
VCC = 5.5V 


Standby Supply Current ICCSB VIN = GND or VCC; 


Logical “1” Output 
Voltage 


VCC = 5.5V 
Output Open 


GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | MIN. | MAX | UNITS 


-55°C <Ta <+125°C | VCC Vv 
-0.4 
| : : ia 


1 


LIMITS _ 


-§59C < Ta < +1259C 


-559C <Ta < +125°C 


TABLE 2. HD-6402/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


A.C. (NOTE 2) 
PARAMETERS SYMBOL | CONDITIONS | SUBGROUPS 


Clock Frequency | (1)fCLOCK 


Pulse Widths, (2) tpw 
CRL, DRR, TBRL VCC = 4.5V 


CL = 50pF 
Pulse Width MR (3)tMR . 


Input DataSetup =| (4) tseT 
Time 

input Data Hold (5) tHOLD 
Time 

Output Enable (6) tEN 
Time 


NOTES: 
1. Interchanging of force and sense conditions is permitted. 


LIMITS 
HD-6402B/883 


2. Tested with input levels of VIH = 2.76V and VIL = 0.4V. Rise and 
fall times are driven at 1ns/V. 
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Specifications HD-6402/883 


TABLE 3. HD-6402/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
A.C. PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE 


All Measurements are 
Output Capacitance Referenced to Device GND Eee | Ta = +25°9C | - | 250 | pF | 
3 


iccop |vcc=5.v, 55°C <Ta < +1259C aa 


Clock Freq. = 2MHz 
VIN = VCC or GND, 

NOTE: 3. The Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 

upon initial design and after major process and/or design changes. 


Operating Supply 
Current 


Outputs Open 


TABLE 4. APPLICABLE SUBGROUPS 


| CONFORMANCE GROUPS METHOD SUBGROUPS 


a 
7 


” 

5 
<= 
ee 
a6 
oa 
05 
== 
Os 
O 
oO 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HD-6402/883 


Burn-In Circuits 
HD-6402/883 CERAMIC DIP 


DETAIL <A> vec on 
NOTE: One Per Output 
R1 c fy] Co rere es 
a 2 | vcc 
1 
GND Ey 38) X vcc 
R1 R1 
R14 GND 4 | Vcc 
R1 
y 5 | vcc 
R1 
6 e GND 
R1 
<y [s4}—WW\ GND 
DETAIL Vere, Y el ee 
Y a DIP AA bad 
NOTE: One Per Board < 0) HD - 6402 /883 El vs vec 
<y 14 | 30) GND 
R1 
4 12 | 129) VCC 
R1 
Gy 13 | 28) ‘ GND 
“AD 14 VCC 
| R1 
a 26) GND 
R1 | 
GND 16 
FO 24] ak 
VCC 18 
22 
20) 21 GND 


NOTES: 

VCC = 55V+05V 

FO = 100kHz + 10% 

R1 = 47kQ, 1/4W + 10% 

C = 0.01 pF minimum 

** One socket per board should not be loaded, 
but rather have pin 24 go the “C” of the 4011. 
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HD-6402/883 


Metallization Topology 


DIE DIMENSIONS: 126.4 x 134.3 x 19 + 1mils 


METALLIZATION: 
Type: Si-Al 
Thickness: 10kA - 12kA 


GLASSIVATION: 
Type: SiOo 
Thickness: 7kA - 9kA 


DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 


WORST CASE CURRENT DENSITY: 1.42 x 105 A/cm2 


Metallization Mask Layout 
HD-6402/883 


RBR& RRD GND NC VCC TRC EPE CLS1 CLS2 SBS 
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RBR6 
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HD-6402/883 


40 PIN CERAMIC DIP 


Packaging 
2.035 
2.096 
.005 MIN 
.225 MAX 3 
.015 
.060 
125 
180 016 * 
023 
050" 
.065 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are 4/2 
Max 


, Dimensions are in inches. 


.150 MIN 
098 MAX 
.100 
BSC 


_— 
a|2 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


COMPLIANT OUTLINE: MIL-STD-1835, 
GDIP1-T40 
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SEMICONDUCTOR 


tt 


January 1992 


Features 
e Low Bit Error Rate 


& Data: Rate ssid ceewcciee ack aes sewn td vena we ea made 1IMBit/s 


e Sync Identification and Lock-in 
Clock Recovery 

Manchester Il Encoder, Decoder 
e Separate Encode and Decode 


¢ Low Operating Power .............ceceeeeeees 50mW at 5V 


¢ Single Power Supply 
e 24 Pin Package 


Ordering Information 


| PACKAGE | TEMP. RANGE 1M BIT/s 
Plastic DIP -40°C to +85°C | HD3-6408-9 
Ceramic DIP -40°C to +85°C HD1-6408-9 


HD-6408 


CMOS Asynchronous Serial 
Manchester Adapter (ASMA) 


Pinout 


24 LEAD DIP 
TOP VIEW 


Description 


The HD-6408 is a CMOS/LSI Manchester Encoder/Decoder 
for creating a very high speed asynchronous serial data bus. 
The Encoder converts serial NRZ data (typically from a shift 
register) to Manchester Il encoded data adding a sync pulse 
and parity bit. The Decoder recognizes this sync pulse and 
identifies it as a Command Sync or a Data Sync. The data is 
then decoded and shifted out in NRZ code (typically into a 
shift register). Finally, the parity bit is checked. If there were 
no Manchester or parity errors the Decoder responds with a 


valid word signal. The Decoder puts the Manchester code to 
full use to provide clock recovery and excellent noise immu- 
nity at these very high speeds. 


The HD-6408 can be used in many commercial applications 
such as security systems, environmental control systems, 
serial data links and many others. It utilizes a single 12 x 
clock and achieves data rates of up to one million bits per 
second with a very minimum overhead of only 4 bits out of 
20, leaving 16 bits for data. 


Block Diagrams 


ENCODER 


. : as 


ESC 


sD 21 


Ss 20 SYNC 


COUNT 
RESET] DECODER 
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2m 
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S fo ja 
Bo} w 
gol g 
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DECODER 


OR BIT COUNTER 


Melvers PARITY 
WORD 
vw WORD Teer CHECK 
LATCH CIRCUIT 
7D SYNC 
cos LATCH 


5 
pc CLOCK NRZ ; 
9 | SYNCHRO- Se eicR OUTPUT sDO 
psc NIZER IDE PORT 
BZI 
7 »| TRANSITION 
Be! : FINDER 
uD! 


-_ 
_ 


= 
< 
> 
oO 


o |e 


a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2952 
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HD-6408 


| PIN | TYPE SYMBOL | SECTION DESCRIPTION 
OO 


ESC Encoder ENCODER SHIFT CLOCK is an output for shifting data into the Encoder.The 
Encoder samples SDI on the low-to-high transition of ESC. 
TD Decoder TAKE DATA output is high during receipt of data after identification of a sync pulse 
and two valid manchester data bits. 
| 4 | 0 | spo | Decoder — SERIAL DATA OUT delivers received data in correct NRZ format. : 


DC Decoder DECODER CLOCK input drives the transition finder, and the synchronizer which 
in turn supplies the clock to the balance of the Decoder. Input a frequency equal 
to 12X the data rate. 


Decoder A high input should be applied to BIPOLAR ZERO IN when the bus is in its nega- 
tive state. This pin must be held high when the Unipolar input is used. 


Decoder A high input should be applied to BIPOLAR ONE IN when the bus is in its positive 
state, this pin must be held low when the Unipolar input is used. 


UDI Decoder With pin 6 high and pin 7 low, this pin enters UNIPOLAR DATA IN to the transition 
finder circuit. If not used this input must be held low. 


DSC Decoder DECODER SHIFT CLOCK output delivers a frequency (DECODER CLOCK + 
12), synchronized by the recovered serial data stream. 


CDS Decoder COMMAND/DATA SYNC output high occurs during output of decoded data which 


was preceded by a Command synchronizing character. A low output indicates a 
Data synchronizing character. 


Decoder A high input to DECODER RESET during a rising edge of DECODER SHIFT 
CLOCK resets the decoder bit counting logic to a condition ready for a new word. 
GROUND supply pin. 


A high on MASTER RESET clears the 2:1 counters in both the encoder and 
decoder and the + 6 counter. 
Encoder DIVIDE BY SIX is an output from 6:1 divider which is driven by the ENCODER 
CLOCK. 


Encoder BIPOLAR ZERO OUT is a active low output designed to drive the zero or negative 
sense of a bipolar line driver. 


Encoder A low on OUTPUT INHIBIT forces pin 15 and 17 high, their inactive states. 


BIPOLAR ONE OUT is an active low output designed to drive the one or positive 
sense of a bipolar line driver. 


Encoder SERIAL DATA IN accepts a serial data stream at a data rate equal to ENCODER 
SHIFT CLOCK. 

Encoder A high on ENCODER ENABLE initiates the encode cycle. (Subject to the preced- | 
ing cycle being complete.) 

Encoder SYNC SELECT actuates a Command sync for an input high and data sync for an 
input low. 

Encoder SEND DATA is an active high output which enables the external source of serial 
data. 


SCI Encoder SEND CLOCK IN is 2X the Encoder data rate. 
Encoder | ENCODER CLOCK is the input to the 6:1 divider. 


Vec is the +5V power supply pin. A 0.1.F decoupling capacitor from Vcc (pin 24) 
to GND (pin 12) is recommended. 
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HD-6408 


Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SClock input. An 
auxiliary divide by six counter is provided on chip which can 
be utilized to produce the SClock by dividing the DClock. 


The Encoder’s cycle begins when EE is high during a falling 
edge of ESC (1). This cycle lasts for one word length or 
twenty ESC periods. At the next low-to-high transition of the 
ESC, a high at SS input actuates a Command sync or a low 
will produce a Data sync for that word (2). When the Encoder 
is ready to accept data, the SD output will go high and 
remain high for sixteen ESC periods (3) - (4). 


During these sixteen periods the data should be clocked into 
the SDinput with every high-to-low transition of the ESC (3) - 
(4). After the sync and_Manchester Il encoded data are 
transmitted through the BOO and BZO outputs, the Encoder 


TIMING | | 


Me ec ee a ee al ea Ue | 


adds on an additional bit which is the (odd) parity for that 
word (5). If ENCODER ENABLE is held high continuously, 
consecutive words will be encoded without an interframe 
gap. ENCODER ENABLE must go low by time (5) as shown 
to prevent a consecutive word from being encoded. At any 
time a low on Ol will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 


To Abort the Encoder transmission a positive pulse must be 
applied at MR. Any time after or during this pulse, a low-to- 
high transition on SCI clears the internal counters and initial- 
izes the Encoder for a new word. 


| 5 | 1 | 17 | 1 | 1 | | | 


cE V/LILILIIIII/I11/| 
88 LILLLLLINS MNO LL LLLLLLLL SON CARE T////LLLLLLLL VLE 
Sa On aca) | 
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HD-6408 


Decoder Operation 


The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DClock input. The 
Manchester II coded data can be presented to the Decoder 
in one of two ways. The BOI and BZI inputs will accept data 
from a differential output comparator. The UDI input can only 
accept noninverted Manchester Il coded data (e.g. from 
BOO of an Encoder through an inverter to UDI). 


The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized (1), the type of sync is indicated by the 
CDS output. If the sync character was a command, this out- 
put will go high (2) and remain high for sixteen DSC periods 
(3), otherwise it will remain low. The TD output will go high 
and remain high (2) - (3) while the Decoder is transmitting 
the decoded data through SDO. 


The decoded data available at SDO is in a NRZ format. The 
DSC is provided so that the decoded bits can be shifted into 


TIMING | 


Jo{ rf 2{s]e]s5]e]7] 8 | 


an external register on every low-to-high transition of this 
clock (2) - (3). Note that DECODER SHIFT CLOCK may 
adjust its phase up until the time that TAKE DATA goes high. 


After all sixteen decoded bits have been transmitted (3) the 
data is checked for odd parity. A high on VW output (4) indi- 
cates a successful reception of a word without any 
Manchester or parity errors. At this time the Decoder is look- 
ing for a new sync character to start another output 
sequence.VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown (1). 


At any time in the above sequence a high input on DR during 
a low-to-high transition of DSC will abort transmission and 
initialize the Decoder to start looking for a new sync charac- 
ter. 
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Specifications HD-6408 


Absolute Maximum Ratings 


Reliability Information 


Supply: VONAGO 22.6644 5 seen diaaw ee eek e Bh eea en +7.0V Thermal Resistance ................ Ba 8, 
Input, Output or I/O Voltage ............. GND-0.3V to Voc +0.3V Ceramic DIP Package ............. 50.4°CW ss. 11.7°C/W 
Storage Temperature Range ................. -65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature... 6... ccc eee eee es +175°C Ceramic DIP Package ........ 0. ccc cece cece u ee eee 992mW 
Lead Temperature (Soldering 10s)..........-.-..-.64- +300°C Gate Count .... 00... eee c cece cece cence eee eees 456 Gates 
ESD Classification cs. :0 uses sola ee Nowe aeiaean ees Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................... +4.5V to +5.5V Operating Temperature Range 
HD-G40B-9 ce ese te the kea ergs SSS es -40°C to +85°C 


DC Electrical Specifications Voc = 5.0V + 10%, T, = -40°C to +85°C 


[symsor_[ PARAMETER | MN | TYP _| WAX | UNS |  TESTCONDTIONS | 
[Vr [toga inputvotage | 70eve] [| v [Ss 
[Wine [ogcar"Tinputvorage (Goad [vest || v |S 
[Vue [egical“0r nput Vonage (Cock) | __fondvosl |v |S 


Vou Logical "1" Output Voltage 


Vin = Voc or GND, DIP Pins 
5-8, 11, 13, 16, 18, 19, 20, 22, 23 


Logical "0" Output Voltage 
Supply Current Standby 
Supply Current Operating” 


[2 | ma [Vv Veo = BV Ouiputs Open 
CC 


[sywpot_[ PARAMETER —~—=«|~MIN’ | TvP_| MAX | UNITS |  TESTCONDITIONS 
Li) Fec [Encoder Clock Frequency || Tt? MHz C= S0pF 
Send Clock Frequency 
Encoder Clock Rise Time 
Encoder Clock Fall Time 
Data Rate 

Master Reset Pulse Width 
Shift Clock Delay 

Serial Data Setup 

Serial Data Hold 

Enable Setup 

Enable Pulse Width 

Sync Setup 

Sync Pulse Width 

Send Data Delay 

Bipolar Output Delay 
Enable Hold 

Sync Hold 
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Specifications HD-6408 


AC Electrical Specifications (Continued) Vcc = 5.0V + 10%, Ta = -40°C to +85°C 


[sywso._[ PARAMETER | MIN | TP _| MAX | UNITS |  TESTCONDTIONS | 
[(48) Foc [Decoder Glock Frequency +0 
[(48) Toor | Decoder Glookise Time |__| 
[(20) Toor [Decoder GlockFalTime |__| 
= 
150 


(21) Fop Data Rate 
(22) Tyr Decoder Reset Pulse Width 
(23) Tpps _ | Decoder Reset Setup Time 


O10 
rie’ ic 
“noel 
O15 
Cis 
nT 


oO 
tl 
i) 
Bo) 
=f 


24) Tomy [Decoder ResetHod Time | 10 |_| 
(27) To [Syne TranstionSpan |_| 
[(@8) Tos__[OnezZoroOverap | 
28) Tos _[ShortData Transition Span | 
Long Data Transition Span aa 
|(31) Tos __[SyncDelay(ON) | 20 
(32) Tor __|TakeDataDelay (ON) | 
eee es 
Pe O 
ee 
| oo 


QO 
= 
tt 
3 
3 
nN 


| MHz 

| ns 

| ns 

| MHz | 

| ns 

| ns 

ps 

| ns 

| ns | Note 1, C, = 50pF 
| ns —_| Note 1, C, = 50pF 
| ns | Note 1, C, = 50pF 
| ns | Note 1, C, = 50pF 
| ns {Note 1, C, = 50pF 
| ns | C, = 50pF 

| ns |C. = 50pF 

| ns [CL = 50pF 

| ns [Ci = 50pF 

| ms |C. = 50pF 

| ns |C. = 50pF 


NOTE: 


1. Typo = Decoder Clock Period = '/Fpy¢. 
(These parameters are guaranteed but not 100% tested). 


= 


Capacitance T, =+25°C 
SYMBOL PARAMETER 
Input Capacitance FREQ = 1MHz, all mea- 


surements are referenced 
Output Capacitance to device GND 
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AC Testing Input, Output Waveform 


INPUT OUTPUT 


AC TESTING: All input signals must switch between VIL and 
VIH. Input rise and fall times are driven at 1ns per volt. 


Encoder Timing 


ee) bee ee te 
SC re ete 


ae Te3(9) 


spl CIMLULLLLLLILLLLLLLLLALLLIILLLL CLLILLLLLL 


Te2 


Decoder Timing 


NOTE Ut=0 FOR NEXT DIAGRAMS 


}~— BITPERIOD ~- —»{~-—--——~ BIT PERIOD gory te ~ BIT PERIOD ————> 


80 tL A 28) era 
T T 4 be T 
a 726) vp 7 pale 03(28) 
| | bs Tp2 = 
COMMAND SYNC (26) (27) 


(26) | - te =| 
DATA SYNC (27) 

(26 26 | | 

Bo! atopy 28 | TDt 8 
=i} Tp3 ke Tp sl 13/28) jl eke Tog wd be 13 (28) 

821 TD1 

— Toa Tos ———+}~-——— Ts = AB) Tog ——>| 

| (29) one ZERO (30) ons 9)(29) | 

| NOTE BOI=0 BZI= 1 FOR NEXT DIAGRAMS | 
ul To2 | To2 

| Commanpevne | | | 

(27) | |__ (27) 

| | 

| DATA SYNC (30) | (29) | 29 
ul Toa Tps To: Toa To4 

| (28) one | ZERO (30) ONE | ONE 
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HD-6409 


January 1992 CMOS Manchester Encoder-Decoder 


Features 


¢ Converter or Repeater Mode 


¢ Independent Manchester Encoder and Decoder 
Operation 


e Static to One Megabit/sec Data Rate Guaranteed 
e Low Bit Error Rate 

© Digital PLL Clock Recovery 

e On Chip Oscillator 

e Low Operating Power: 50mW Typical at +5V 


e Available in 20 Pin Dual-In-Line and 20 Pad LCC 
Package 


Ordering Information 


* Respective /883 specifications are included at the end of this data sheet. 


Pinouts 
20 LEAD DIP 
20 LEAD SOIC 
TOP VIEW 
BZI 20} Vcc 
BOI BOO 
UDI BZO 
SD /CDS SS 
SDO |] ECL 
SRST CTS 
NVM MS 
DCLK Ox 
RST 1X 
GND reze) 


Copyright © Harris Corporation 1992 


Description 


The HD-6409 Manchester Encoder-Decoder (MED) is a 
high speed, low power device manufactured using self- 
aligned silicon gate technology. The device is intended for 
use in serial data communication, and can be operated in 
either of two modes. In the converter mode, the MED 
converts Nonreturn-to-Zero code (NRZ) into Manchester 
code and decodes Manchester code into Nonreturn-to- 
Zero code. For serial data communication, Manchester 
code does not have some of the deficiencies inherent in 
Nonreturn-to-Zero code. For instance, use of the MED on 
a serial line eliminates DC components, provides clock 
recovery, and gives a relatively high degree of noise 
immunity. Because the MED converts the most commonly 
used code (NRZ) to Manchester code, the advantages 
of using Manchester code are easily realized in a serial 
data link. 


In the Repeater mode, the MED accepts Manchester code 
input and reconstructs it with a recovered clock. This mini- 
mizes the effects of noise on a serial data link. A digital 
phase lock loop generates the recovered clock. A maximum 
data rate of 1MHz requires only 50mW of power. 


Manchester code is used in magnetic tape recording and in 
fiber optic communication, and generally is used where 
data accuracy is imperative. Because it frames blocks of 
data, the HD-6409 easily interfaces to protocol controllers. 


20 LEAD LCC 
TOP VIEW 


File Number 2951 
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Block Diagram 


BOI 
5 BIT SHIFT OUTPUT 
BZI REGISTER SELECT 
AND DECODER —a 
UDI 
COMMAND —— 


SYNC | 


GENERATOR 


MANCHESTER 
ENCODER 


EDGE 
DETECTOR 


RST >> RESET 


INPUT / 
OUTPUT 
SELECT 


SD -CDS 


IX 
OSCILLATOR COUNTER 
Ox CIRCUITS 


ore << 


SS 


Logic Symbol 


Ss CLOCK OX 
co GENERATOR Ix 
SD -CDS BOO 
ECLK BZO 
ENCODER CTS 
MS 
RST CONTROL 
SDO OO BO! 
DCLK BZI 
NVM UDI 


SRST DECODER 
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HD-6409 


Pin Description 


PIN 
NUMBER | TYPE | SYMBOL mos | ne DESCRIPTION 


Bipolar Zero Input 


Used in conjunction with pin 2, Bipolar One Input (BOI), to input 
Manchester Il encoded data to the decoder, BZI and BOI are logical 
complements. When using pin 3, Unipolar Data Input (UDI) for data 
input, BZI must be held high. 


Bipolar One Input Used in conjunction with pin 1, Bipolar Zero Input (BZI), to input 
Manchester II encoded data to the decoder, BOI and BZI are logical 
complements. When using pin 3, Unipolar Data Input (UDI) for data 


input, BOI must be held low. 


Unipolar Data Input An alternate to bipolar input (BZ1I, BOI), Unipolar Data Input (UDI) is 
used to input Manchester Il encoded data to the decoder. When using 


pin 1 (BZI) and pin 2 (BON) for data input, UDI must be held low. 


Serial Data/Command 
Data Sync 


In the converter mode, SD/CDS is an input used to receive serial NRZ 
data. NRZ data is accepted synchronously on the falling edge of 
encoder clock output (ECLK). In the repeater mode, SD/CDS is an 
output indicating the status of last valid sync pattern received. A high 
indicates a command sync and a low indicates a data sync pattern. 


The decoded serial NRZ data is transmitted out synchronously with 
the decoder clock (DCLK). SDO is forced low when RST is low. 


In the converter mode, SRST foliows RST. In the repeater mode, 
when RST goes low, SRST goes low and remains low after RST goes 


high. SRST goes high only when RST is high, the reset bit is zero, and 


SRST Serial Reset 
a valid synchronization sequence is received. 

NVM Nonvalid Manchester Alow on NVM indicates that the decoder has received invalid 
Manchester data and present data on Serial Data Out (SDO) is invalid. 
A high indicates that the sync pulse and data were valid and SDO is 
valid. NVM is set low by a low on RST, and remains low after RST goes 
high until valid sync pulse followed by two valid Manchester bits is 
received. 


DCLK Decoder Clock The decoder clock is a 1X clock recovered from BZI and BOI to 
synchronously output received NRZ data (SDO). 


RST In the converter mode, alow on RST forces SDO, DCLK, NVM, and 
SRST low. A high on RST enables SDO and DCLK, and forces SRST 
high. NVM remains low after RST goes high until a valid sync pulse 
followed by two Manchester bits is received, after which it goes high. 
In the repeater mode, RST has the same effect on SDO, DCLK and 
NVM as in the converter mode. When RST goes low, SRST goes low 
and remains low after RST goes high. SRST goes high only when 
RST is high, the reset bit is zero and a valid synchronization sequence 
is received. 


(I) Input (O) Output 


Sina 7 
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Pin Description (continued) 


PIN 
NUMBER SYMBOL | sm | DESCRIPTION 


Se Ee —__ 
Clock Output Buffered output of clock input ly. May be used as clock signal for 
other peripherals. 

Clock Input lx is the input for an external clock or, if the internal oscillator is 
used, lx and Ox are used for the connection of the crystal. 

Clock Drive If the internal oscillator is used, Ox and Ix are used for the 
connection of the crystal. 

Mode Select MS must be held low for operation in the converter mode, and 
high for operation in the repeater mode. 


CTS Clear to Send 


HEE ECLK | Encoder Clock 


In the converter mode, a high disables the encoder, forcing 
outputs BOO, BZO high and ECLK low. A high to low transition of 
CTS initiates transmission of a Command sync pulse. A low on 
CTS enables BOO, BZO, and ECLK. In the repeater mode, the 
function of CTS is identical to that of the converter mode with the 
exception that a transition of CTS does not initiate a synchroni- 
zation sequence. 


In the converter mode, ECLK is a 1X clock output used to receive 
serial NRZ data to SD/CDS. In the repeater mode, ECLK is a 2X 
clock which is recovered from BZI and BO! data by the digital 
phase locked loop. 


A logic high on SS sets the data rate at 1/32 times the clock 
frequency while a low sets the data rate at 1/16 times the clock 
frequency. 


Speed Select 


Bipolar Zero Output 


BZO and its logical complement BOO are the Manchester data 
outputs of the encoder. The inactive state for these outputs is in 
the high state. 


Bipolar One Out See pin 18. 


VCC is the +5V power supply pin. A 0.1pF decoupling capacitor 
from VCC (pin-20) to GND (pin-10) is recommended. 


(I) Input (O) Output 
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Encoder Operation 


The encoder uses free running clocks at 1X and 2X the data 
rate derived from the system clock lx for internal timing. CTS S 
is used to control the encoder outputs, ECLK, BOO and BZO. 
A free running 1X ECLK is transmitted out of the encoder to 
drive the external circuits which supply the NRZ data to the 
MED at pin SD/CDS. 


A low on CTS. enables encoder outputs ECLK, BOO and 
BZO, while a high on CTS forces BZO, BOO high and holds 
ECLK low. When CTS goes from high to low ® , a synchroni- 
zation sequence is transmitted out on BOO and BZO. A 


' 18 
ae ‘9’ eds ee 

BZO ) ’ ' 

, i dae OT! 

BOO 
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Decoder Operation 


The decoder requires a single clock with a frequency 16X or 
32X the desired data rate. The rate is selected on the speed 
select with SS low producing a 16X clock and high a 32X 
clock. For long data links the 32X mode should be used as 
this permits a wider timing jitter margin. The internal operation 
of the decoder utilizes a free running clock synchronized with 
incoming data for its clocking. 


The Manchester Il encoded data can be presented to the 
decoder in either of two ways. The Bipolar One and Bipolar 
Zero inputs will accept data from differential inputs such as a 
comparator sensed transformer coupled bus. The Unipolar 
Data input can only accept noninverted Manchester Il 
encoded data i.e. Bipolar One Out through an inverter to 
Unipolar Data Input. The decoder continuously monitors this 
data input for valid sync pattern. Note that while the MED 
encoder section can generate only a command sync pattern, 


~ 

-_ 
oo wee 
ss) 
ome 


UDI 


' COMMAND | 
rT 
! SYNC ’ 


\ ' 
‘ ' 
an!) 
{ t 
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SsDO 


RST 


NVM 


synchronization sequence consists of eight Manchester “0” 
bits followed by a command sync pulse. @ A command 
sync pulse is a three bit wide pulse with the first 1 1/2 bits 
high followed by 1 1/2 bits low. @ Serial NRZ data is 
clocked into the encoder at SD/CDS on the high to low transi- 
tion of ECLK during the command sync pulse. The NRZ data 
received is encoded into Manchester II data and transmitted 
out on BOO and BZO following the command sync pulse. 
@ Following the synchronization sequence, input data is 
encoded and transmitted out continuously without parity 
check or word framing. The length of the data block encoded 
is defined by CTS. Manchester data out is inverted. 
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the decoder can recognize either a command or data sync 
pattern. A data sync is a logically inverted command sync. 


There is a three bit delay between UDI, BOI, or BZI input and 
the decoded NRZ data transmitted out of SDO. 


Control of the decoder outputs is provided by the RST pin. 
When RST is low, SDO, DCLK and NVM are forced low. When 
RST is high, SDO is transmitted out synchronously with the re- 
covered clock DCLK. The NVM output remains low after a low 
to high transition on RST until a valid sync pattern is received. 


The decoded data at SDO is in NRZ format. DCLK is provid- 
ed so that the decoded bits can be shifted into an external 
register on every high to low transition of this clock. Three bit 
periods after an invalid Manchester bit is received on UDI, or 
BOI, NVM goes low synchronously with the questionable 
data output on SDO. FURTHER, THE DECODER DOES 
NOT REESTABLISH PROPER DATA DECODING UNTIL 
ANOTHER SYNC PATTERN IS RECOGNIZED. 


oo 
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Repeater Operation 


Manchester |] data can be presented to the repeater in 
either of two ways. The inputs Bipolar One In and Bipolar 
Zero In will accept data from differential inputs such as a 
comparator or sensed transformer coupled bus. The input 
Unipolar Data In accepts only non-inverted Manchester Il 
coded data. The decoder requires a single clock with a 
frequency 16X or 32X the desired data rate. This clock is 
selected to 16X with Speed Select low and 32X with Speed 
Select high. For long data links the 32X mode should be 
used as this permits a wider timing jitter margin. 


The inputs UDI, or BOI, BZI are delayed approximately 1/2 
bit period and repeated as outputs BOO and BZO. The 2X 
ECLK is transmitted out of the repeater synchronously with 
BOO and BZO. 


INPUT | | 
1 2 

i 

{ 

t 


{ t 
t——§ YNC PULSE———__> 
UDI 


BZO 


BOO 


RST 


(2%) 
> 


A low on CTS enables ECLK, BOO, and BZO. In contrast to 
the converter mode, a transition on CTS does not initiate a 
synchronization sequence of eight O’s and a command 
sync. The repeater mode does recogize a command or data 
sync pulse. SD/CDS is an output which reflects the state of 
the most recent sync pulse received, with high indicating a 
command sync and low indicating a data sync. 


When RST is low, the outputs SDO, DCLK, and NVM are 
low, and SRST is set low. SRST remains low after RST goes 
high and is not reset until a sync pulse and two valid man- 
chester bits are received with the reset bit low. The reset bit 
is the first data bit after the sync pulse. With RST high, NRZ 
Data is transmitted out of Serial Data Out synchronously 
with the 1X DCLK. 


— 
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HD-6409 


Manchester Code 


Nonreturn to Zero (NRZ) code represents the binary values 
logic-O and logic-1 with a static level maintained through- 
out the data cell. In contrast, Manchester code represents 
data with a level transition in the middle of the data cell. 
Manchester has bandwidth, error detection, and synchroni- 
zation advantages over NRZ code. 


The manchester Il code Bipolar One and Bipolar Zero 
shown below are logical complements. The direction of the 
transition indicates the binary value of data. A logic-O in 
Bipolar One is defined as a Low to high transition in the 
middle of the data cell, and a logic-1 as a high to low mid bit 
transition, Manchester Il is also known as Biphase-L code. 


The bandwidth of NRZ is from DC to the clock frequency 
fc/2, while that of Manchester is from fc/2 to fc. Thus, 
Manchester can be AC or transformer coupled, which has 
considerable advantages over DC coupling. Also, the ratio 
of maximum to minimum frequency of Manchester extends 
one octave, while the ratio for NRZ is the range of 5-10 
octaves. It is much easier to design a narrow band than a 
wideband amp. 


Secondly, the mid bit transition in each data cell provides 
the code with an effective error detection scheme. If noise 
produces a logic inversion in the data cell such that there is 
no transition, an error indiction is given, and synchroniza- 
tion must be re-established. This places relatively stringent 
requirements on the incomming data. 


BIT PERIOD 1 2 
\ I 
BINARYCODE ; 0 ! 1 
t 
NON-RETURN 
TO ZERO | 


BIPOLAR ONE 


BIPOLAR ZERO 


Crystal Oscillator Mode 


C1 = 32pF 

CO = Crystal + Stray 

X1 = AT CUT PARALLEL 
RESONANCE FUND- 
AMENTAL MODE 

Rs (TYP) = 302 

R1=15MN 


The synchronization advantages of using the HD-6409 and 
Manchester code are several fold. One is that Manchester is 
a self clocking code. The clock in serial data communica- 
tion defines the position of each data cell. Non self clocking 
codes, as NRZ, often require an extra clock wire or clock 
track (in magnetic recording). Further, there can be a phase 
variation between the clock and data track. Crosstalk 
between the two may be a problem. In Manchester, the 
serial data stream contains both the clock and the data, with 
the position of the mid bit transition representing the clock, 
and the direction of the transition representing data. There 
is no phase variation between the clock and the data. 


A second synchronization advantage is a result of the 
number of transitions in the data. The decoder 
resynchronizes on each transition, or at least once every 
data cell. In contrast, receivers using NRZ, which does not 
necessarily have transitions, must resynchronize on frame 
bit transitions, which occur far less often, usually on a 
character basis. This more frequent resynchronization 
eliminates the cumulative effect of errors over sucessive 
data cells. A final synchronization advantage concerns the 
HD-6409’s sync pulse used to initiate synchronization. This 
three bit wide pattern is sufficiently distinct from 
Manchester data that a false start by the receiver is unlikely. 


LC Oscillator Mode 


ct 


C1 = 20pF 
CO = 5pF 


Fe Ce x ct =pe0 


Ox 
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Using the 6409 as a Manchester Encoded UART 


BIPOLAR OUT 
BIPOLAR OUT 
CTS 


rae PA cs 2 LS 


A CK QH}| A B CK CK LOAD - Lalonde - 
sare x oe 7164 im 7165 "165 


cP DATA IN DATA IN 
973 973 PARALLEL DATA IN 


PARALLEL DATA OUT 
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Specifications HD-6409 


Absolute Maximum Ratings Reliability Information 

SUDDIY VOUAGO 2c caeed tanta teed eee sa Mere See seaens +7.0V Thermal Resistance .................. Bia Vc 

Input, Output or I/O Voltage ............. GND-0.5V to Voc +0.5V Ceramic DIP Package............... 83°C/W —s- 23°C /W 

Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package .............- B4°C/W =. 2.4°C/W 

Junction Temperature... 0... eee c eee eens +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)...............0000- +300°C Nai DIP sii ede, sy ee i Ce Set ee Sa peatae! 602mw 

ESD Classification ....... 0... cece eee eee eee eee Class 1 Ceramic LCC Package .........-ceeeeeeeceeeeeees 595mW 
Gate Count enaics deh nce cr oes ee el wold Sad es KS 250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range................. -45°C to +85°C = Sync. Transition Span (t2).......... 1.5 DBP Typical, (Notes 1, 2) 
Operating Voltage Range.................008- +4.5V to +5.5V Short Data Transition Span (t4)....... 0.5DBP Typical, (Notes 1, 2) 
input Rise and Fall Times. ........ 0... 2. eee eee eee 50ns Max __ Long Data Transition Span (t5)....... 1.0DBP Typical, Notes 1, 2) 
Zero Crossing Tolerance (tCD5)...............-.00 eee (Note 3) 
NOTES: 
1. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock 3. The maximum zero crossing tolerance is + 2 ly clock cycles (16X 
Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. mode) or + 6 lx clock cycles (32 mode) from the nominal. 


2. The input conditions specified are nominal values, the actual 
input waveforms transition spans may vary by + 2 ly clock 
cycles (16X mode) or + 6 I, clock cycles (32X mode). 


DC Electrical Specifications Voc¢ = 5.0V + 10%, T, = -40°C to +85° (HD-6409-9) 


[svusoc [PARAMETER | WN | MAX | UNITS | (NOTE ;)TESTCONDITIONS | 
Vr ]agieal"F leputVotags | Tomvec | | V [Veorasv 
Vu [togieal“O"inputvorage |__| 20% Von | V[veo=aav 
Vin [begie“O put Votiage (ese) |__| GND OS 
Vue _|osical“OinputVotage (load |__| GND 708 
inputusakage Curent Except) [| 10] +10 | pA |Vw= Veco GND. Voo=55V 
os 


IL 

Input Leakage Current (Ix) Vin = Vec or GND, Voc = 5.5V 

\/O Leakage current Vout = Vec or GND, Voc = 5.5V 
Von __ | Output HIGH Voltage (All except Ox) 
Vor Output LOW Voltage (All except Ox) 
Fr 


lccsp | Standby Power Supply Current Ee 


lon = -2.0mA, Voc = 4.5V (Note 2) 
lo. = +2.0mA, Voc = 4.5V (Note 2) 


f= 16.0MHz, Vin = Vec or GND 
Voc = 5.5V, C, = 50pF 


locop Operating Power Supply Current 


NOTES: 


1. Tested as follows: f = 16MHZ, Vi = 70% Voc, Vii = 20%Vec, 2. interchanging of force and sense conditions is permitted 
Vou 2 Vec/2, and Voz $ Vec/2; Veo = 4.5V and 5.5V. 


pA Vin = Veco or GND, Voc = 5.5V, 
Outputs Open 


Capacitance T, = +25°C, Frequency = 1MHz 


SYMBOL PARAMETER 


Cw Input Capacitance 


Court 
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AC Electrical Specifications V., = 5.0V + 10%, T, = -40°C to +85°C (HD-6409-9) 


| svwsot | paramere | own | max | unrrs | (Nove 1) TESTCONDITIONS | 
a 
es ec 
[tow [Clock High Tine 
a 
es 
ee 
cote 
Loe 
Ceo 
aa ae 


aaa 
oo en 
naan 
D 
D 
D 
D 
D 
D 
D 
D 
D 


BP Notes 2, 3 
BP 
BP 
BP 
BP 
BP 
BP 
BP 
BP 
DBP 
NOTES: 


1. AC testing as follows: f = 4.0MHz, V,4 = 70% Voc, Vi = 20%Vec, 3. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock 
Speed Select = 16X, Voy 2 Voc/2, Vor $ Vec/2, Veco = 4.5V and Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 
5.5V, Input rise and fail times driven at 1ns/V, Output load = 50pF. 
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2. Guaranteed via characteristics at initial device design and after 
major process and/or design changes, not tested. 
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HD-6409 


Timing Waveforms 
NOTE: UDI=0, FOR NEXT DIAGRAMS 


|} BIT PERIOD >} BIT PERIOD BIT PERIOD ———>| 


COMMAND SYNC 


| 
BOI | | Bila SSSSSSSSQ_—_€_—'S 
od Tr | T3 
BZI FLEXGXAAA nw | 
| | ising Gees ee 


| DATA SYNC 
7 | | 
oe a ES —| K-13 | {be 73 | 1, 
BZI 4 


| ONE | ZERO | ONE | 


| NOTE: BOI=0; BZI = 1 FOR NEXT DIAGRAMS | 


UDI To | T2 
| COMMAND sync | ! | 
| 
UDI T2 | i T2 
: DATA SYNC | | | 
UDI T4 Ts Ts T4 T4 
| ONE | ZERO | ONE | | ONE 
CLOCK TIMING OUTPUT WAVEFORMS 
oe eee x t¢ ——_______» ie a tt ean — 
10% _|Z77 90% | 1.0V_ 
| ea tcH —>! | 
i | aga tf 


ENCODER TIMING 
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SD /CDS 
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Timing Waveforms (Continued) 
ENCODER TIMING (Continued) 


CTS 
5 we — tcE6 
BZO 66 ECLK 
= ee ICE, rr 
OS = - oa 
' BOO 
ECLK 66 


DECODER TIMING 


uo! | mancHesTer | MANCHESTER | MANCHESTER | MANCHESTER 
| vocic-1 | LoGic-o |,  LoGIC-o | Loaic-1 


sialic Saas | tep2 


NRZ 
LOGIC-1 
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NOTE: Manchester Data In is not synchronous with Decoder Clock. 
Decoder Clock is synchronous with decoded NRZ out of SDO. 


| 
DCLK, SDO, 50% DCLK 
NVM | 
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Timing Waveforms (Continued) 
REPEATER TIMING 


FLIP VPS POTS 
| ef R2 
| | MANCHESTER a | | MANCH us STER ‘0’ | MANCHESTER ‘0’ | 
aS eee 


NVM , 


Test Load Circuit 
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BHARRIS HD-6409/883 


January 1992 CMOS Manchester Encoder-Decoder 
Features Pinouts 
e This Circuit is Processed in Accordance to Mil-Std-883 and is Fully HD1-6409/883 (CERAMIC DIP) 
Conformant Under the Provisions of Paragraph 1.2.1. TOP VIEW 
e Converter or Repeater Mode 
e Independent Manchester Encoder and Decoder Operation Bl 
e Static to One Megabit/sec Data Rate Guaranteed BOl 
¢ Low Bit Error Rate UDI 
e Digital PLL Clock Recovery SD /CDS 
e On Chip Oscillator Spo 
© Low Operating Power: 50mW Typical at +5V eae. 
e Available in 20 Pin Dual-In-Line and 20 Pad LCC Package ial 
Description us 
DCLK 
The HD-6409/883 Manchester Encoder-Decoder (MED) is a high speed, AST 
low power device manufactured using self-aligned silicon gate 
technology. The device is intended for use in serial data communication, GND 
and can be operated in either of two modes. In the converter mode, the 
MED converts Nonreturn-to-Zero code (NRZ) into Manchester code and HD4-6409/883 (CERAMIC LCC) 
decodes Manchester code into Nonreturn-to-Zero code. For serial data TOP VIEW 


communication, Manchester code does not have some of the deficiencies 
inherent in Nonreturn-to-Zero code. For instance, use of the MED ona 
serial line eliminates DC components, provides clock recovery, and gives a 
relatively high degree of noise immunity. Because the MED converts the 
most commonly used code (NRZ) to Manchester code, the advantages of 
using Manchester code are easily realized in a serial data link. 


} 


In the Repeater mode, the MED accepts Manchester code input and recon- 
structs it with a recovered clock. This minimizes the effects of noise on a 
serial data link. A digital phase lock loop generates the recovered clock. A 
maximum data rate of 1MHz requires only 50mW of power. 
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Manchester code is used in magnetic tape recording and in fiber optic 
communication, and generally is used where data accuracy is imperative. 
Because it frames blocks of data, the HD-6409/883 easily interfaces to 
protocol controllers. 


Block Diagram Logic Symbol 


SDO 
NVM SS 


CLOCK 


poaee IX 
a N>-> 800 co GENERATOR 
1 eC] a eee 8 
INPUT REGISTER SELECT a 
a LOGIC AND DECODER Laie LOGIC Ler? Bz0 SD -CDS BOO 
uoI ey ——— 
: ; COMMAND ——— cts ECLK BZO 
GENERATOR 4 ENCODER CTS 
SRST Se 
RST >» RESET _MS 
INPUT / RST CONTROL 
SD -CDS OUTPUT 
DCLK Bzl 
MS NVM UDI 


‘ ECLK —— 
OSCILLATOR | COUNTER 
Ox JoscuaToR| CIRCUITS DCLK SRST 


co <i 


ss 


DECODER 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage ..... 0c. ccc cece cee ce cece ccececeeeueneees +7.0V Thermal Resistance Bia Bic 

Input, Output or 1/O Voltage Applied..... GND-0.5V to VCC+0.5V Ceramic DIP Package .............. 83°9C/W 23°C/W 

Storage Temperature Range ...............46- -65°C to +150°C Ceramic LCC Package ............. 84°9C/W 249C/W 

Junction Temperature ....... 0... cece eee eter en eeees +175°9C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10 sec). ...........0. 000 +300°C Ceramic DIP Package ............c ccc nc cee cunccvnce 602mW 

ESD Classification ics 66606 ii o¥o.0 bow oeewirn bee ee es wees Class 1 Ceramic LCC Package .......... cece cence cn ceneeee 595mW 
Gate COune fai ota acgstes Sande Saeed penne eweea das 250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification 1s not implied. 


Operating Conditions 


Operating Temperature Range ............... -559C to +1259C ~—- Sync. Transition Span (t2)........... 1.5 DBP Typical, (Notes 1, 2) 
Operating Voltage Range ............. cece eee eee +4.5V to+5.5V Short Data Transition Span (t4) ...... 0.5 DBP Typical, (Notes 1, 2) 
Input Rise and Fall Times ........... cc cece cee eee eens 50ns Max Long Data Transition Span (t5)....... 1.0 DBP Typical, (Notes 1, 2) 

Zero Crossing Tolerance (tCD5) .............cccececees (Note 3) 


NOTES: 1. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 


2. The input conditions specified are nominal values, the actual input waveforms transition spans may vary by + 2 ly clock cycles (16X mode) or + 6 
lx clock cycles (32X mode). 
3. The maximum zero crossing tolerance is + 2 ly clock cycles (16X mode) or + 6 ly clock cycles (32 mode) from the nominal. 


TABLE 1. HD-6409/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


LIMITS 


GROUPA 


SUBGROUPS UNITS 


TEMPERATURE 


70% 


20%VCC V 


Logic ‘0’ Input Voltage po vIL | VCC = 4.5V 
Logic ‘1’ Input Voltage VIHR VCC = 5.5V 
(Reset) 
Logic ‘0’ Input Voltage = 4, 
(Reset) 
Logic ‘1’ Input Voltage VIHC VCC = 5.5V 
(Clock) 

Logic ‘0’ Input Voltage VILC VCC = 4.5V 

(Clock) 
Input Leakage Current VIN = VCC or GND 
(Except lx) VCC = 5.5V 


VCC 
-0.5 


GND 
+0.5 


Vv 


VCC 
-0.5 


GND 
+0.5 


Vv 


-1.0 


+1.0 pA 


> 


+2 


+ 


VCC 
-0.4 


Output HIGH Voltage VOH 1OH = -2.0mMA 
(All except Ox) VCC = 4.5V (Note 1) 
Output LOW Voltage VOL IOL = +2.0mA 
(All except Ox) VCC = 4.5V (Note 1) 


Standby Power Supply VIN = VCC or GND, 
Current VCC = 5.5V, 
Outputs Open 


_ 
= = 


100 


= 
> 


f = 16.0MHz, 
VIN = VCC or GND 
VCC = 5.5V, CL = 50pF 


Functional Test (Note 2) 7,8 -550C < Ta < +1259C 


NOTES: 1. interchanging of force and sense conditions ts permitted. 
2. Tested as follows: f = 16MHz, VIH = 70% VCC, VIL = 20% VCC, VOH > VCC/2, and VOL < VCC/2, VCC = 4.5V and 5.5V. 


Operating Power 
Supply Current 


< 
Q 


3 
> 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 2. HD-6409/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
(NOTE 1) GROUP A LIMITS 
TEMPERATURE | MIN | MAX UNITS 


PARAMETER SYMBOL CONDITIONS SUBGROUPS 


[Gockreaieney | te | Stas etacresso) |e wre 


rakes | wz | +d anon [sete etacrasso] | «0 | 


NOTES 1 AC Testing as follows f = 4 OMHz, VIH = 70% VCC, VIL = 20% VCC, Speed Select = 16X, VOH > VCC/2, VOL < VCC/2, VCC = 4 5V and 5.5V, 
Input rise and fall times driven at 1ns/V, Output load = S5OpF 


TABLE 3. HD-6409/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Capacitance VCC = Open, f = 1MHz 


All Measurements 


1,2 Ta = +259C 
I/O Capacitance Cl/O are referenced to 1,2 Ta = +25°9C 
device GND 


Output Rise Time tr From 1.0 to 3.5V 1,2 -559C < Ta < +125°C 
(All except Clock) CL = 50pF 
Output Fall Time tf From 3.5 to 1.0V 1,2 -559C < Ta < +1259C 
(All except Clock) CL = 50pF 


Clock Output Rise Time tr From 1.0 to 3.5V -559C < Ta < +1259C 
| CL = 20pF 
Clock Output Fall Time -§59C <Ta <+1259C 
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CTS Low to BZO -§59C < Ta < +1259C 
BOO Enabled 
-559C < Ta < +1259C 


ECLK to BZO, BOO -§59C < Tap < +1259C 


-559C < Tap < +1259C 


-559C < Ta < +125°C 


-559C <Ta < +1259C 
~§59C <Ta <+1259C 


-55°C <Ta <+125°9C 


UDI to SDO, NVM -559C < Ta < +125°9C 


CTS High to ECLK | -559C < Ta < +125°C 
Disabled 


NOTES 1. The parameters listed in table 3 are controlled via design or process parameters and are not directly tested. 
2 Guaranteed via characteristics at initial device design and after major process and/or design changes 
3 DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock Cycles, Clock Rate = 32X, one DBP = 32 Clock Cycles. 


CAUTION. These devices are sensitive to electrostatic discharge Proper | C. handling procedures should be followed 
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TABLE 4. APPLICABLE SUBGROUPS 


a 
ee 


Burn-In Circuits 


vcc 


R1 
R1 
R1 
R1 


R1 


HD-6409/883 CERAMIC DIP 


288 
Ad 20} VCC © 6oSS « 
2 | 19) A | 
3 | 18] A EOECE 
R1 
ra GND 
5 | 16) A R1 
R1 GND 
o is GND 
R1 
ia GND 
8 | 13} A A 
R1 
o 2 ro 
10} 11) A 
a = 
VCC o foal 
R1 V 
Q <9 < 
4 
A 
R1 vcc 
R1 
A 
R1 
NOTES: NOTES: 
VCC = 5.5V +0.5V VCC = 5.5V +0.5V 
VIH = 4.5V +10% VIH = 4.5V +10% 
VIL = -0.2V to 0.4V VIL = -0.2V to 0.4V 
R1 = 47k. +5% R1 = 47KQ +5% 
FO = 100kHz +10% FO = 100kHz +10% 
F4 = F0/16 F4 = FO/16 
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R1 


R1 
R1 


HD-6409/883 


Metallization Topology 


DIE DIMENSIONS: 
88 x 78 x 19 +1 mils 


METALLIZATION: 
Type: Silicon - Aluminum : 
Thickness: Metal 1: 8kA + 1kA 

Metal 2: 16kA + 1kA 


GLASSIVATION: 
Type: SigN4 ¢ SiOx 
Thickness: 10kA + 2kA 
DIE ATTACH: 
Material: Gold - Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
0.8 x 105 A/cm2 


Metallization Mask Layout 
HD-6409/883 
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HD-6409/883 


Packaging 


20 PIN CERAMIC DIP 
.940 


990 
.005 MIN 


-200 MAX 
A i 


—— 
2015, 150 MIN 
060 “: 
125 .080 MAX TS 
180 « 100 
2016 BSC 
023 
.050 * 
“065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, 
MATERIALS: Compliant to MIL-M-38510 GDIP1-T20 
20 PAD CERAMIC LCC 
t 022 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, 
MATERIALS: Compliant to MIL-M-38510 CQCC1-N20 


in 


NOTE: All Dimensions are = , Dimensions are in inches. 


5-126 


wm) 


HARRIS 


SEMICONDUCTOR 


La 


January 1992 


HD-15530 


CMOS Manchester Encoder-Decoder 


Features Pinouts 
e Support of MIL-STD-1553 24 LEAD DIP 
@ Data Bale < elas as eecnd ale scauceenne teed 1.25 MBit/s oe ey, 
e Sync Identification and Lock-In biscuit 24} Voc 
ENCODER SHIFT CLK 123] ENCODER CLK 
° Clock Recovery TAKE DATA 122] SEND CLK IN 
¢ Manchester Il Encode, Decode a rene ai] SEND DATA 
e Separate Encode and Decode DECODER CLK 30] SYNC SELECT 
e Low Operating Power ..........ccceeecccccccuuce 50mW @ 5 Volts BIPOLAR ZERO IN ENCODER ENABLE 


Description 


The Harris HD-15530 is a high performance CMOS device intended to 
service the requirements of MIL-STD-1553 and similar Manchester II 
encoded, time division multiplexed serial data protocols. This LSI chip is 
divided into two sections, an Encoder and a Decoder. These sections oper- GND 
ate completely independent of each other, except for the Master Reset 


functions. 


This circuit meets many of the requirements of MIL-STD-1553. The 
Encoder produces the sync pulse and the parity bit as well as the encoding 
of the data bits. The Decoder recognizes the sync pulse and identifies it as 


well as decoding the data bits and checking parity. 


This integrated circuit is fully guaranteed to support the 1MHz data rate of 
MIL-STD-1553 over both temperature and voltage. It interfaces with CMOS, 
TTL or N channel support circuitry, and uses a standard 5 volt supply. 


The HD-15530 can also be used in many party line digital data dicks 
communications applications, such as an environmental control system 
driven from a single twisted pair cable of fiber optic cable throughout the 


building. 


Ordering Information 


BIPOLAR ONE IN 
UNIPOLAR DATA IN 
DECODER SHIFT CLK 
COMMAND / DATA SYNC 


SERIAL DATA IN 
BIPOLAR ONE OUT 
116] OUTPUT INHIBIT 
115] BIPOLAR ZERO OUT 
DECODER RESET + 6 OUT 

113] MASTER RESET 


TOP VIEW 


j SEND DATA 
NC 

NG 

4 SYNC SELECT 
ENCODER ENABLE 
SERIAL DATA IN 

19] BIPOLAR ONE OUT 


HSH 


DECODER CLK [5 
nc [6 


STIS 


BIPOLAR ZERO ww [8 
BIPOLAR ONE IN 9 
UNIPOLAR DATA IN 
DECODER SHIFT CLOCK [11 


<) 
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2 
PACKAGE TEMP RANGE 1.25 MEGABIT/s | 3 


~40°C to +85°C HD1-15530-9 


-559C to +1259C 


Ceramic DIP 
-559C to +1259C 


SMD # 


Block Diagrams 


ENCODER DECODER 
GND Voc UNIPOLAR 8 
ee 24 DATA IN TAKE DATA 
MASTER RESET BIPOLAR TRANSITION CHARACTER 
13 ONE IN FINDER IDENTIFIER 
22 16 BIPOLAR COMMAND / DATA 


CHARACTER 
FORMER 


SYNC 


SERIAL 
DATA OUT 


ZERO IN 


DECODER 


CLK VALID 


WORD 


SYNCHRONIZER 


DECODER 
SHIFT 
CLK 


MASTER 
RESET 


23, 


DECODER 
RESET 


T 
TER 


BI BIT i 
COUN | COUNTER 
2 


SEND SYNC 
DATA DATA IN SELECT 
ENCODER ENCODER 
SHI ENABLE 
CLK 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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HD-15530 


Pin Description 


PIN 
NUMBER | TYPE | ee SECTION DESCRIPTION 


1 VALID WORD Decoder | Output high indicates receipt of a valid word, (valid parity and no Manchester 
errors). 
ENCODER SHIFT Encoder | Output for shifting data into the Encoder. The Encoder samples SDI on the 
CLOCK low-to-high transition of Encoder Shift Clock. 
3 | TAKE DATA Decoder | Outputis high during receipt of data after identification of a sync pulse and two 
valid Manchester data bits. 


SERIAL DATA OUT | Decoder | Delivers received data in correct NRZ format. 


DECODER CLOCK | Decoder | !nput drives the transition finder, and the synchronizer which in turn supplies 
the clock to the balance of the decoder, input a frequency equal to 12X the 
data rate. 


BIPOLAR ZEROIN | Decoder | Ahigh input should be applied when the bus is in its negative state. This pin must 


be held high when the Unipolar input is used. 


BIPOLAR ONE IN Decoder | Ahigh input should be applied when the bus is in its positive state. This pin must 


| be held low when the Unipolar input is used. 


With pin 6 high and pin 7 low, this pin enters unipolar data into the transtition 
finder circuit. If not used this input must be held low. 


DECODER SHIFT Decoder | Output which delivers a frequency (DECODER CLOCK + 12), synchronized by the 
CLOCK recovered serial data stream. 


COMMAND SYNC Decoder | Output ofa high from this pin occurs during output of decoded data which was 
preceded by a Command (or Status) synchronizing character. A low output 
indicates a Data synchronizing character. 


UNIPOLAR DATA IN| Decoder 


DECODER RESET | Decoder | Ahigh input to this pin during a rising edge of DECODER SHIFT CLOCK resets 


| the decoder bit counting logic to a condition ready for a new word. 


GROUND Both Ground Supply pin. 


MASTER RESET Both A high on this pin clears 2:1 counters in both Encoder and Decoder, and resets the 
as + 6 circuit. 


Encoder | Output from 6:1 divider which is driven by the ENCODER CLOCK. 


BIPOLAR ZERO Encoder | An active low output designed to drive the zeroor negative sense of a bipolar 
line driver. 


UTPUT INHIBIT Encoder {| Alow on this pin forces pin 15 and 17 high, the inactive states. 


IPOLAR ONE OUT | Encoder | An active low output designed to drive the one or positive sense of a bipolar 
line driver. 


SERIAL DATAIN Encoder | Accepts a serial data stream at a data rate equal to ENCODER SHIFT CLOCK. 


being complete.) 
Eade 
Encode 
Encode 
Encore 


Both Vcc is the +5V power supply pin. A 0.1 HF decoupling capacitor from Vcc (pin 24) 
to GROUND (pin 12) is recommended. 


I 
Oo 
O 
Cc 
4 


O 


17 


eu) 


18 
ENCODER ENABLE 
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Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by 
dividing the DECODER CLOCK. 


The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK @. 
This cycle lasts for one word length or twenty ENCODER 
SHIFT CLOCK periods. At the next low-to-high transition of 
the ENCODER SHIFT CLOCK, a high SYNC SELECT input 
actuates a command sync or a low will produce a data sync 
for the word @. When the Encoder is ready to accept data, 
the SEND DATA output will go high and remain high for 
sixteen ENCODER SHIFT CLOCK periods ©. During these 
sixteen periods the data should be clocked into the SERIAL 
DATA input with every high-to-low transition of the 


Timinc | | }ofaf2]afa 


ae oe |e] 


ENCODER SHIFT CLOCK so it can be sampled on the low- 
to-high transition @ - @. After the sync and Manchester II 
coded data are transmitted through the BIPOLAR ONE and 


BIPOLAR ZERO outputs, the Encoder adds on an addi- 


tional bit which is the parity for that word ©. If ENCODER 
ENABLE is held high continuously, consecutive words will 
be encoded without an interframe gap. ENCODER ENABLE 
must go low by time © as shown to prevent a consecutive 
word from being encoded. At any time a low on OUTPUT 
INHIBIT input will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 


To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Anytime after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for anew word. 


| 1 | 1 | 17 | w | 19 | | | 


senocroce SULT ah 
Pcie a 2 OE Fl 2 ss 0 Ea OO ta nl 
ENEQDENIENADE NNER 
sync SELECT SQQAVALION QD 2987 CARE CY ANN 
aoe ea eras) | eee 


SEND DATA 


SERIAL DATA IN Cs fle [salen yo (s~e—+ To, 


BIPOLAR ONE OUT 


BIPOLAR ZERO OUT 
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HD-15530 


Decoder Operation 


The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DECODER 
CLOCK input. The Manchester Il coded data can be 
presented to the Decoder in one of two ways. The BIPOLAR 
ONE and BIPOLAR ZERO inputs will accept data from a 
comparator sensed transformer coupled bus as specified in 
Military Spec 1553. The UNIPOLAR DATA input can only 
accept non-inverted Manchester II coded data. (e.g. from 
BIPOLAR ONE OUT of an Encoder through an inverter to 
Unipolar Data Input). 


The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized @, the type of sync is indicated on 
COMMAND/DATA SYNC output. If the sync character was 
a command sync, this output will go high © and remain 
high for sixten DECODER SHIFT CLOCK periods ©, other- 
wise it will remain low. The TAKE DATA output will go high 
and remain high © - @ while the Decoder is transmitting 
the decoded data through SERIAL DATA OUT. The 


TIMING | 


DECODER 
SHIFT CLOCK 


BIPOLAR ONE IN 


BIPOLAR ZEROIN 


TAKE DATA 


COMMAND/DATA SYNC 


SERIAL DATA OUT 


VALID WORD 


Aye) 


decoded data available at SERIAL DATA OUT is in NRZ 
format. The DECODER SHIFT CLOCK is provided so that 
the decoded bits can be shifted into an external register on 
every low-to-high transition of this clock @ - ©. Note that 
DECODER SHIFT CLOCK may adjust its phase up until the 
time that TAKE DATA goes high. 


After all sixteen decoded bits have been transmitted @ 
the data is checked for odd parity. A high on VALID WORD 
output @ indicates a successful reception of a word without 
any Manchester or parity errors. At this time the Decoder is 
looking for a new sync character to start another output 
sequence. VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown Q. 


At any time in the above sequence a high input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini- 
tialize the Decoder to start looking for a new sync character. 


| 1 | 7 | 1 | 19 | | | | 


SOON NTETTTE NNN Ea EZ BEE EBD 


3) @) 
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How to Make Our MTU Look Like a Manchester Encoded UART 
VALID 
ZERO IN 
Soa 
ONE IN 


ee | anae ny BIPOLAR 

ia INHIBIT 

5 tr} | © a 

x ane a a ae 
— “HH 


[ 

Se 
| oto Ee H—<e 
A B CK H1]AB. CK Oy SHADCKSI | Oy SHAD CK 
vaste, alae 74165 a 74165 ca 


PARALLEL OUT PARALLEL IN 


Typical Timing Diagrams for a Manchester Encoded UART 


ENCODER TIMING Y 
ENCODER ENABLE | eee ahs \ 5 : 
ee le ee eee 
synesetect [WAS SS f LL LL LLLLLL LALLA 4LAAA LL LL L£ LLM LLL kN 7 2 
eee ea ee ee a eee, 

PARALLEL IN MUL LLL LL LLL LLL AL LALLA ALL LLL LLL LL LLL AL LLL LLL M LL : = 

= 

Oo 

© 


PE 
t 


BIPOLAR ONE OUT . m4 
BIPOLAR ZERO OUT / /| \ WAG BS = 


\ 
SYNC MSB LSB PARITY 


SYNC MSB LSBA PARITY 
BIPOLAR ONE IN NY ] TTTLELTTTT Ty i + 
BIPOLAR ZERO IN 
COMMAND SYNC 
PARALLEL OUT VALID VALID 
VALIDWORD __ FROM 
PREVIOUS RECEPTION 
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MIL-STD-1553 


The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. 


The HD-15530 supports the full bipolar configuration, as- 
suming a bus driver configuration similar to that in Figure 1. 
Bipolar inputs from the bus, like Figure 2, are also 
accomodated. 


The signaling format in MIL-STD-1553 is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by a central control unit by means of Command 


FIGURE 1. SIMPLIFIED MIL-STD-1553 DRIVER 


COMMAND 
SYNC 


BIT BIT BIT 
PERIOD | PERIOD | PERIOD 


LOGICAL ONE DATA 


LOGICAL ZERO DATA -- 


FIGURE 3. MIL-STD-1553 CHARACTER FORMATS 


Words. Terminals respond with Status Words. Each word is 
preceded by a synchronizing pulse, and followed by parity 
bit, occupying a total of 2Ousec. The word formats are 
shown in Figure 4. The special abbreviations are as follows: 


P Parity, which is defined to be odd, taken across all 
17 bits. 
R/T Receive on logical zero, transmit on ONE. 


ME 


TF Terminal Flat, if set, calls for controller to request 
self-test data. 


Message Error if logical 1. 


The paragraphs above are intended only to suggest the 
content of MIL-STD-1553, and do not completely describe 
its bus requirements, timing or protocols. 


“4 we 


"1" REF 


“0” REF 
"9" 


FIGURE 2. SIMPLIFIED MIL-STD-1553 RECEIVER 


fol afz{3}a[sle{ 7] sf [1ojs9}12]13/14]15]16]17] 18/19 


COMMAND WORD (FROM CONTROLLER TO TERMINAL) 


TERMINAL 


SNe | ADDRESS 


| | SUBADDRESS | DATA WORD | | 
rp: (MODE COUNT 


DATA WORD (SENT EITHER DIRECTION) 


aE. SOE) 
mel 


SYNC | DATA WORD | p | 


STATUS WORD (FROM TERMINAL TO CONTROLLER) 


sync | TERMINAL | cope FOR FAILURE MODES |TF| P | 
ADDRESS ya 


FIGURE 4. MIL-STD-1553 WORD FORMATS 


NOTE: This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HD-15530. 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage ........cc ccc ceececeececcecuceceeeucuces +7.0V Thermal Resistance Bia Bic 

Input, Output or 1/O Voltage Applied ...... GND-0.3V to Vcoc+0.3 Ceramic DIP Package.............. 50.49C/Ws.11.79C/W 

Storage Temperature Range ..............6.. ~659C to +150°0C Ceramic LCC Package ............. 71.19C/W 16.89C/W 

Junction Temperature .......... 0. cece cee cee eee nees +175°9C Maximum Package Power Dissipation at +1259C 

Lead Temperature (Soldering 10 sec) .................. +300°9C Ceramic DIP Package ........ ccc cece cece ence enone 992mW 

ESD CIASSITICAtON ou he se bese wars ecm ee wel ea eS HO Ret Class 1 Ceramic LCC Package .......... cc cece cence eee nee 703mW 
Gate Count cs cece ei eet rani edt eee eee 456 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supply Voltage wists es ueatsawenseeu were. +4.5V to+5.5V Sync Transition Span (TD2) .............. 18 TDC Typical (Note1) 

Temperature Range (Ta) Short Data Transition Span (TD4) ......... 6 TDC Typical (Note1) 
HD T50S0R9 aa car ek dG wees els aS ou ee a ed -40°C to+859C —_ Long Data Transition Span (TD5) ......... 12 TDC Typical (Note1) 
HD=1553048 <5 Wied iwiesiens cae tee wane -559C to +125°9C 

Encoder/Decoder Clock Rise Time ..............2eee0: 8ns Max 

Encoder/Decoder Clock Fall Time .............00000005 8ns Max 


DC Electrical Specifications Vcc = 5V + 10%, Ta = -40°C to +85°C (HD-15530-9) 
Ta = -559C to +125°C (HD-15530-8) 


LIMITS 
SYMBOL PARAMETER | min | MAX — |__UNITS TEST CONDITIONS 


input HIGH Vottage o7 Vee a ae ee Voo=46Vand 55V 


VILC Input LOW Clock Voltage 
Vcc = 4.5V and 5.5V 
lo_ = 1.8mA (Note 2), Voc = 4.5V 


loH =-3mA (Note 2), Voc = 4.5V 


Voc = 5.5V, Vin = Voc, f = 15MHz, 
Outputs Open 


Joris 


NOTES: 

1. TDC = Decoder clock period = 1/FDC 

2. Interchanging of force and sense conditions ts permitted. 

3. Tested as follows: = f = 15MHz, Vipy = 70% Voc, Vi_ = 20% Voc, 
Cy = SOpF, Voy > 1.5V and Vc, < 1.5V. 


Capacitance Ta, = +25°C; Frequency = 1MHz 


SYMBOL PARAMETER TYPICAL UNITS CONDITIONS 


All measurements are referenced 
to device GND 
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AC Electrical Specifications Voc = 5V + 10%, Ty = -40°C to +85°C (HD-15530-9) 


Ty = -55°C to +125°C (HD-15530-8) 
SYMBOL. PARAMETER 


LIMITS 
ENCODER TIMING 


TEST CONDITIONS (NOTE 2) 


[Fac | creoserGoarFroweney [8 (MR _—| Vega ABV and 5V OL oF _ 
[Fasc | SensGiocrrrowerey [| 28 | _MHe | Voo=45Vand8V. 0 = OoF_ 
[Feo | ereosertatnhate fas |_| Voc AV and SV. C= mF _ 
[tw | wastrResatPusowias [160 | | rs | Veon A6V and 58V. 0, 8t0F_ 
a 
a 
OD a 
OTe 
a 
a 
a 
a a 
a 
a 
OS OD a 


DECODER TIMING 


Decoder Clock Frequency MHz 


| FOD Decoder Data Rate 


| TOR Decoder Reset Pulse Width 
TORS Decoder Reset Setup Time 
TDRH Decoder Reset Hold Time 


Master Reset Pulse 


Voc = 4.5V and 5.5V, C, = SOpF 
Voc = 4.5V and 5.5V, C, = 50pF_ 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Vec = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 


NN 
on 


TDC + 10 
(Note 1) 


One Zero Overlap TDC - 10 Voc = 4.5V and 5.5V, C, = 50pF 


FDC 
FDD 
TDR 
TMR 
TO1 
TD3 
TD6 
TD7 
TD8 
TD9 


a 
Sil bcainsall 
ee oo 
ee = 
0 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 


2. AC Testing as follows: Input levels: V4 = 70% Voc, Vi_ = 20% 
Voc; Input rise/fall times driven at 1ns/V; Timing Reference 
levels: 1.5V; Output load: C, = 50pF. 
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Timing Waveforms 


ENCODER TIMING 


SEND CLOCK 


ENCODER SHIFT CLOCK 
SERIAL DATA IN 


SEND CLOCK 


ENCODER SHIFT CLOCK 


ENCODER ENABLE 
SYNC SELECT 


ENCODER SHIFT CLOCK 


TEs 


SEND DATA 


SEND CLOCK 


BIPOLAR ONE OUT or 
BIPOLAR ZERO OUT 


TES 


DECODER TIMING 


DECODER SHIFT CLOCK | | | | 
oa 


COMMAND/DATA SYNC 


TAKE DATA | 


DECODER SHIFT CLOCK L — eee | fete te 
TD8-—{ pa 
SERIAL DATA OUT DATA BIT 


DECODER SHIFT CLOCK Tien deena 
To9-+1 


COMMAND/DATA SYNC 


To10-— 


TAKE DATA | 
VALID WORD To11—-] ——— 


DECODER SHIFTCLOcK L.—CdSC~<~;7;73PVCé<~;<;7; PDTC 
Tors—~>| k--—— 


DECODER RESET TOR 


—>| /— torn 
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Timing Waveforms (Continued) 


DECODER TIMING (Continued) 


NOTE: UNIPOLAR IN = 0, FOR NEXT DIAGRAMS 
|-~—_ BIT PERIOD —___»} = BIT PERIOD ———->}~+-___ BIT PERIOD ———_> 
BIPOLARONEIN [tpj 


Vagina Se Tae - TD3 | ~-Tp3 
BIPOLAR ZEROIN. | 701 


| pe Tp | 


COMMAND SYNC 


t) ' 
SS 2 ee ep : Tp3 


; 
BIPOLAR ZERO IN THI i 
1 


! : [pe 


DATA SYNC 
! 
BIPOLARONEIN [itp, TDI 
stlk-To3 —-1_kK 7Tb3 —| K*-Tp3 =| —Tp3 —| | Tp3 
BIPOLAR ZERO IN ! TD1 
= ae eg ee a 
ONE ZERO ONE 


' NOTE BIPOLAR ONE IN=0, BIPOLAR ZERO IN = 1, FOR NEXT DIAGRAMS : 
' 


t 
UNIPOLAR IN Tp2 To2 
t 


COMMAND SYNC ' 
' ' ! 


SaitocRain oe! i er... 


SNIEOEGE AN tg 0g te 
ONE ! ZERO ONE ONE 
Test Load Circuit AC Testing Input, Output Waveform 


DUT 
| INPUT OUTPUT 
CL" Vin Vou 
50% 50% 
Vit 


Voi 


“Includes stray and jig capacitance AC Testing: All input signals must switch between V, and Vjy4. Input 
rise and fall times are driven at 1ns per volt. 
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HD1-15530 CERAMIC DIP 


1 


bast =o 
a 


Ihara 


HylelisILe le] eee 


R1 
R1 
R1 


< << < 9 


NOTES 


Vec = 55V +05V 
Vin = 45V + 10% 


= -0 2V to +0 4V 
R1 = 47KQ + 5% 


VIL 


SNOILLVOINNWANOD 


vivd SOWS 


GND 
NC 
NC 
GND 
Voc 
GND 


R2 


FO 


9 


WIAA lat iq th 


aed bed bed bed bed 


Voc 
C1 
ra res 


| span. I aleachs I Dearie BO aerlac I denen | 


HD4-15530 CERAMIC LCC 


R2 

R2 

R2 

R2 

a 

+ oe 
R2 


GND 
GND 
GND 
GND 


GND 
GND 


FO = 100kHz + 10% 
Ci =001pF Min 
Voc = 55V + 05V 
Vip = 4.5V + 10% 


NOTES 


-0 2V to +0 4V 
R2 = 18KQ + 5% 


VIL = 


GND 
GND 


FO = 100KHz + 10% 
C1 = 00uF Min 
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yal SEND DATA 


su Wy SEND CLK IN 


Feit Rai ai 


Ceramic LCC — 420°C (Max) 
ENCODER CLK 


= a 


BIPOLAR ONE OUT 
BIPOLAR ZERO OUT 


SYNC SELECT 
OUTPUT INHIBIT 


Deal 


J 


ea 


te tl Eh lal fil 


14 |! 


+6 OUT 


Feehan cea jaye Ee 
H5 Spe TT Seria 


Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 


1.8 x 105A/cm2 
LEAD TEMPERATURE (10 seconds soldering): 


<275°9C 


[att 


= REESE Gases erceemeeeenees =. ——_ 


WORST CASE CURRENT DENSITY: 


DIE ATTACH: 


HD-15530 
VALID 
WORD Vcc 


HD-15530 


—— 


A Sassy So pe 
SS oe a op ome | 


Pacik i Elo r 


ENCODER 
SHIFT CLK 


Het soll Las bm hu li 


DECODER RESET 


co Nene tava leah ed 


+ 2kA 
+ 1kA 


Ff Ff Pal Fa & rey 


155 x 195 x 19 + 1 mils 


METALLIZATION: 
Type: Si-Al 
Thickness: 11kA 

GLASSIVATION: 
Type: SiOo 
Thickness: 8kA 

TAKE DATA 


SERIAL DATA OUT Ea 


DIE DIMENSIONS: 
Metallization Mask Layout 


Metallization Topology 


PNA a Pa eesdae 9 
fd 


DECODER CLK rs | 


BIPOLAR ZERO IN 
BIPOLAR ONE ! 
UNIPOLAR DATA IN 
DECODER SHIFT CLK [EB EF 
COMMAND/DATA SYNC [tehaaE 


" MASTER 
RESET 
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CMOS Manchester Encoder-Decoder 


January 1992 


Features Description 
¢ Support of MIL-STD-1553 The Harris HD-15531 is a high performance CMOS device 
. intended to service the requirements of MIL-STD-1553 and 
Data Rate (15591B) - 2. 9000 sane 2.5 Megabit/Sec similar Manchester Il encoded, time division multiplexed 
e Data Rate (15531)..............6. 1.25 Megabit/Sec serial data protocols. This LS! chip is divided into two sec- 


tions, an Encoder and a Decoder. These sections operate 


* Varlable Frame Length to 32-Bits independently of each other, except for the master reset and 


e Sync Identification and Lock-in word length functions. This circuit provides many of the 
requirements of MIL-STD-1553. The Encoder produces the 
Separate Manchester Il Encode, Decode sync pulse and the parity bit as well as the encoding of the 
¢ Low Operating Power ............. 50mW @ 5 Volts data bits. The Decoder recognizes the sync pulse and identi- 
Cis it. aS Well aS decoding the data bits and checking parity. 


Ordering Information The HD-15531 also surpasses the requirements of MIL- 
STD-1553 by allowing the word length to be programmable 


(from 2 to 28 data bits). A frame consists of three bits for 
Plastic DIP | 40°Cto+es°C | = - =| HD3-155318-9 sync followed by the data word (2 to 28 data bits) followed by 
One bit of parity, thus the frame length will vary from 6 to 32 


bit periods. This chip also allows selection of either even or 


odd parity for the Encoder and Decoder separately. 
-55°C to +125°C HD1-15531B-8 Se ene 
This integrated circuit is fully guaranteed to support the 


HD1-15531/ HD1-15531B/ 1MHz data rate of MIL-STD-1553 over both temperature and 
883 883 voltage. For high speed applications the 15531B will support 


a 2.5 Megabit/sec data rate. 


“Respective /883 specifications are included at the end of this 


datashoat The HD-15531 can also be used in many party line digital | 
data communications applications, such as a local area zO 
network or an environmental control system driven from a Ee = 
single twisted pair of fiber optic cable throughout a building. O60 
Oz 
; o> 
Pinout 40 LEAD DIP =s 
TOP VIEW Os 
O 
Vee Li 40] COUNT C, Oo 
VALID WORD | 2| 39] COUNT C, 


TAKE DATA’ | 3| 38] DATA SYNC 
TAKE DATA | 4| ENCODER CLK 


SERIAL DATA OUT [5| 36] COUNT C3 
SYNCHR DATA | 6| 35] NC 
SYNCHR DATA SEL 


SYNCHR CLK [ 8 | 33} SEND CLK IN 
DECODER CLK [ 9. 32] SEND DATA 
SYNCHR CLK SEL [10| 31] ENCODER PARITY SEL 
BIPOLAR ZERO IN |11] 30] SYNC SEL 
BIPOLAR ONE IN [12] 29] ENCODER ENABLE 
UNIPOLAR DATA IN [13] 28] SERIAL DATA IN 
DECODER SHIFT CLK [14 BIPOLAR ONE OUT 
TRANSITION SEL [15 26] OUTPUT INHIBIT 
NC [16] 25) BIPOLAR ZERO OUT 
COMMAND SYNC +6 OUT 
DECODER PARITY SEL |18| 123] COUNT 2 
DECODER RESET [19] 22] MASTER RESET 
COUNT Co [20 121] GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2961 


Copyright © Harris Corporation 1991 
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Block Diagrams 
ENCODER 
GND 
21 > 
MASTER RESET 
SEND CLK IN me 


33 
+6 OUT 
" +2 | 


ENCODER 
BIT 
COUNTER 
34 28 29 30; 31 


32 
20] 40] 23] 36) 39 SEND SERIAL SYNC 
& 6 & & 6 DMA DATAIN | SELECT 
ENCODER ENCODER ENCODER 
SHIFT ENABLE _—C~PARITY 
CLK SELECT 
DECODER 
SYNCHRONOUS < 7 8 _» SYNCHRONOUS 
DATA SELECT DATA 
UNIPOLAR 
DATA IN 
BIPOLAR TRANSITION CHARACTER 
ONE IN FINDER IDENTIFIER 
BIPOLAR 
ONE IN 
9 
gee CLOCK 
DECODER «15 | SYNCHRONIZER SELECT 
CLK SELECT 


SYNCHRONOUS ,__8 
CLK 


SYNCHRONOUS 4,10 


CLK SELECT 
MASTER , 22 
RESET 
DECODER ,__19 BIT 
RESET COUNTER 


20] 40} 23] 36] 39 
Co Cy Co Czy Cy 


5-140 


TAKE DATA 
COMMAND SYNC 


DATA SYNC 


SERIAL 
DATA OUT 


VALID WORK 


PARITY 
SELECT 


DECODER 
SHIFT CLK 


TAKE DATA 


Pin Description HD-15531 


PIN 
NUMBER |TY enrvre| nae SECTION DESCRIPTION 


Both Positive supply pin. A 0.1F decoupling capacitor from Vcc (pin 1) to GROUND 
(pin 21) is recommended. 

Output high indicates receipt of a valid word, (valid parity and no Manchester errors). 
A continuous, free running signal provided for host timing or data handling. When 
data is present on the bus, this signal will be synchronized to the incoming data and 
will be identical to take data. 


Output is high during receipt of data after identification of a valid sync pulse and two 
valid Manchester bits. 

Delivers received data in correct NRZ format. 

Input presents Manchester data directly to character identification logic. 
SYNCHRONOUS DATA SELECT must be held high to use this input. If not used this 
pin must be held high. 


VALID WORD 
TAKE DATA’ 


Decoder 
Decoder 


TAKE DATA Decoder 


SERIAL DATA OUT 


SYNCHRONOUS 
DATA 


Decoder 
Decoder 


SYNCHRONOUS Decoder | Inhigh state allows the synchronous data to enter the character identification logic. 
DATA SELECT Tie this input low for asynchronous data. 

SYNCHRONOUS Decoder | Input provides externally synchronized clock to the decoder, for use when 

CLOCK receiving synchronous data. This input must be tied high when not in use. 
DECODER Decoder | Input drives the transition finder, and the synchronizer which in turn supplies the 
CLOCK clock to the balance of the decoder. Input a frequency equal to 12X the data rate. 
SYNCHRONOUS Decoder | Inhigh state directs the SYNCHRONOUS CLOCK to control the decoder character 
CLOCK SELCT identification logic. A low state selects the DECODER CLOCK. 


BIPOLAR ZEROIN | Decoder | Ahigh input should be applied when the bus is in its negative state. This pin must be 
held high when the unipolar input is used. 

A high input should be applied when the bus is in its positive state. This pin must be 
held low when the unipolar input is used. 

With pin 11 high and pin 12 low, this pin enters unipolar data into the transition finder 
circuit. If not used this input must be held low. 

Output which delivers a frequency (DECODER CLOCK + 12), synchronous by the 
recovered serial data stream. 

A high input to this pin causes the transition finder to synchronize on every transition 
of input data. A low input causes the transition finder to synchronize only on 

mid-bit transitions. 

Not connected. 

Output ofa high from this pin occurs during output of decoded data which was 
preceded by a Command (or Status) synchronizing character. 

An input for parity sense, calling for even parity with input high and odd parity with 
input low. 

A high input to this pin during a rising edge of DECODER SHIFT CLOCK resets the 
decoder bit counting logic to a condition ready for a new word. 

One of five binary inputs which establish the total bit count to be encoded or decoded. 
Supply pin. 

A high on this pin clears 2:1 counters in both encoder and decoder, and resets 

the + 6 circuit. 


BIPOLAR ONE IN Decoder 


UNIPOLAR 
DATAIN 
DECODER SHIFT 
CLOCK 
TRANSITION 
SELECT 


Decoder 


Decoder 


Decoder 


N.C. 
COMMAND SYNC 


Blank 
Decoder 


DECODER 
PARITY SELECT 


DECODER RESET 


Decoder 


Decoder 


COUNT CO 
GROUND 
MASTER RESET 


Both 
Both 
Both 


COUNT C2 Both See pin 20. 

+6 OUT Encoder | Output from 6:1 divider which is driven by the ENCODER CLOCK. 

BIPOLAR ZERO Encoder | An active low output designed to drive the zero or negative sense of a bipolar line 
OUT driver. 

OUTPUT INHIBIT Encoder | Alowon this pin forces pin 25 and 27 high, the inactive states. 

BIPOLAR ONE Encoder | An active low output designed to drive the one or positive sense of a bipolar line 
OUT driver. 

SERIAL DATAIN Encoder j{ Accepts a serial data stream ata data rate equal to ENCODER SHIFT CLOCK. 
ENCODER Encoder | Ahigh on this pin initiates the encode cycle. (Subject to the preceding cycle being 
ENABLE complete.) 

SYNC SELECT Encoder | Actuates a Command sync for an input high and Data sync for an input low. 
ENCODER Encoder | Sets transmit parity odd for a high input, even for a low input. 

PARITY SELECT 

SEND DATA Encoder {1s an active high output which enables the external source of serial data. 

SEND CLOCK IN Encoder | Clock input at a frequency equal to the data rate X2, usually driven by + 6 output. 


ENCODER SHIFT 
CLOCK 


Encoder | Output for shifting data into the Encoder. The Encoder samples SDI pin-28 on the 


low-to-high transition of ESC. 


N.C. Blank Not connected. 

COUNT C3 Both See pin 20. 

ENCODER CLOCK j Encoder | Inputto the 6:1 divider, a frequency equal to 12 times the data rate is usually input here. 
DATA SYNC Decoder | Output ofa high from this pin occurs during output of decoded data which was 


preceded by a data synchronizing character. 
See pin 20. 
See pin 20. 


COUNT C4 
COUNT C1 


Both 
Both 


| = Input O = Output 
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Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by 
dividing the DECODER CLOCK. The frame length is set by 
programming the COUNT inputs. Parity is selected by 
programming ENCODER PARITY SELECT high for odd 
parity or low for even parity. 


The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK (OF 
This cycle lasts for one word length or K + 4 ENCODER 
SHIFT CLOCK periods, where K is the number of bits to be 
sent. At the next low-to-high transition of the ENCODER 
SHIFT CLOCK, a high SYNC SELECT input actuates a 
Command sync or a low will produce a Data sync for the 
word @). When the Encoder is ready to accept data, the 
SEND DATA output will go high for K ENCODER SHIFT 
CLOCK periods @. During these K periods the data should 


TIMING | | 


o | 1 | 2 


Se eel, a 


be clocked into the SERIAL DATA input with every high-to- 
low transition of the ENCODER SHIFT CLOCK © - @ soit 
can be sampled on the low-to-high transition. After the sync 


and Manchester II encoded data are transmitted through the 


BIPOLAR ONE and BIPOLAR ZERO outputs, the Encoder 
adds on an additional bit with the parity for that word ©. If 
ENCODER ENABLE is held high continuously, consecutive 
words will be encoded without an interframe gap. 
ENCODER ENABLE must go low by time © (as shown) to 
prevent a consecutive word from being encoded. At any time 
a low on OUTPUT INHIBIT input will force both bipolar out- 
puts to a high state but will not affect the Encoder in any 
other way. 


To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Any time after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 


[na |n3a|we[na| on | | | 


ENCODER ENABLE 


ele Bed dele tel Ge Bap 
\7///ZZzzzzz 


SEND DATA ee pea a ee ae 


ZL MSO [ort K-afart K-2fort k-afort k~fait K-s ei 4] rts | iva | ets LZ 


SERIAL DATA IN 


BIPOLAR ONE OUT 


BIPOLAR ZERO OU 


+ 
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Decoder Operation 


To operate the Decoder asynchronously requires a single 
clock with a frequency of 12 times the desired data rate 
applied at the DECODER CLOCK input. To operate the 
Decoder synchronously requires a SYNCHRONOUS 
CLOCK at a frequency 2 times the data rate which is syn- 
chronized with the data at every high-to-low transition 
applied to the SYNCHRONOUS CLK input. The Manchester 
li coded data can be presented to the Decoder asynchro- 
nously in one of two ways. The BIPOLAR ONE and 
BIPOLAR ZERO inputs will accept data from a comparator 
sensed transformer coupled bus as specified in Military 
Spec 1553. The UNIPOLAR DATA input can only accept 
noninverted Manchester II coded data. (e.g. from BIPOLAR 
ONE OUT on an Encoder through an inverter to Unipolar 
Data Input). 


The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized @, the type of sync is indicated by a high 
level at either COMMAND SYNC or DATA SYNC output. If 
the sync character was a command sync the COMMAND 
SYNC output will go high @ and remain high for K SHIFT 
CLOCK periods @), where K is the number of bits to be 
received. If the sync character was a data sync the DATA 
SYNC output will go high. The TAKE DATA output will go 


TIMING | 


DECODER SHIFT CLOCK 


BIPOLAR ONE IN 


BIPOLAR ZERO IN 
TAKE DATA 
COMMAND SYNC 


DATA SYNC 


beolefztotel ele tr |e] 


—~------- 4 


high and remain high @ - @ while the Decoder is transmit- 
ting the decoded data through SERIAL DATA OUT. The 
decoded data available at SERIAL DATA OUT is in NRZ 
format. The DECODER SHIFT CLOCK is provided so that 
the decoded bits can get shifted into an external register on 
every low-to-high transition of this clock @ - @). Note that 
DECODER SHIFT CLOCK may adjust its phase up until the 
time that TAKE DATA goes high. 


Atter all K decoded bits have been transmitted @ the data is 
checked for parity. A high input on DECODER PARITY 
SELECT will set the Decoder to check for even parity or a 
low input will set the Decoder to check for odd parity. A high 
on VALID WORD output @ indicates a successful reception 
of a word without any Manchester or parity errors. At this 
time the Decoder is looking for a new sync character to start 
another output sequence. VALID WORD will go low approx- 
imately K + 4 DECODER SHIFT CLOCK periods after it 
goes high if not reset low sooner by a valid sync and two 
valid Manchester bits as shown . 


At any time in the above sequence a high input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini- 
tialize the Decoder to start looking for a new sync character. 


pus jee lwa | Mel pil; 


BIT 3 BIT 2 BIT 1 Parity 


BIT3 | BIT2 | BIT 1 PARIT 


2] 

6 
<= 
> 
< 
aS 
2] 
05 
== 
Os 
O 
O 


5 
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Frame Counter 


FRAME LENGTH 
paras | (eirpenioos) | cs | oc |G | |e | 


~_ 
io) 


~s 
> 


=_ 
NO 


N 


—_ 
N 
NO 


RO 


FS 


NO 
oO 


ND 
RO 


Nh 
J 


N 
ws 


N 
a 
NR 
© 


27 


The above table demonstrates all possible combinations of frame lengths ranging from 6 to 32 bits. The pin word 
described here is common to both the Encoder and Decoder 


5-144 


HD-15531 


How to Make Our MTU Look Like a Manchester Encoded UART 


VALID WORD 
TAKE DATA po 
—— —| [ 


SYNC DATA 
ELECT 


CLOCK —~ (= 


CLOCK 


=} JE 


COUNT C, 


COUNT C, 


DATA SYNC 


COUNT C; 


ENCODER 
PARITY SEL. 


£3 [28/20/18 
8 8 ziih 
xa 


SYNC 
SELECT 


saa tr et rt OONA UI & |W 


@2own— 6 


BIPOLAR Recetas! 7 
ZERO IN 
ENCODER 
{ BIPOLAR a 
ONE IN 
BIPOLAR 
UNIPOLAR | ONE OUT 
DATA IN 
INHIBIT 
TRANSITION OUTPUT 


ELECT 


BIPOLAR 


COMMAND ZERO OUT 


SYNC 


w 
Z=lih 


CODER |} COUNT C, 
PARITY SELECT 


MASTER 
RESET 


a 
fe 


COUNT Cy 
, PARALLEL OUT PARALLEL IN 


Typical Timing Diagrams for a Manchester Encoded UART 
ENCODER TIMING 


SYNC SELECT 


VY) 
5 
q = 
Ee 
<x 

a6 
S69 
os 
== 
Os 
Oo 
'@) 


PARALLEL IN 


BIPOLAR ONE OUT 


BIPOLAR ZERO OUT 


DECODER TIMING 


BIPOLAR ONE IN 


BIPOLAR ZERO IN 


COMMAND SYNC 
PARALLEL OUT VALIO WLLLLLzLAAQZQAQAABO0ADAAAAABAAEE!|) a7 TET 
VALID WORD a a aaa 
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MIL-STD-1553 


The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. 


The HD-15531 supports the full bipolar configuration, 
assuming a bus driver configuration similar to that in 
Figure 1. Bipolar inputs from the bus, like Figure 2, are also 
accommodated. 


The signaling format in MIL-STD-1553 is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by a central control unit by means of Command 
Words, and Data. Terminals respond with Status Words, and 
Data. Each word is preceded by a synchronizing pulse, and 


BUS 
— e 
“que 
e 
“9” 
FIGURE 1. SIMPLIFIED MIL-STD-1553 DRIVER 


COMMAND 
SYNC 


BIT BIT BIT 
PERIOD | PERIOD | PERIOD 


LOGICAL ONE DATA 


LOGICAL ZERO DATA -- 


FIGURE 3. MIL-STD-1553 CHARACTER FORMATS 


followed by parity bit, occupying a total of 201 sec. The word 
formats are shown in Figure 4. The special abbreviations are 
as follows: 


P Parity, which is defined to be odd, taken across all 17 
bits. 


R/T Receive on logical zero, transmit on ONE. 
ME Message Error if logical 1. 


TF Terminal Flag, if set, calls for controller to request self- 
test data. 


The paragraphs above are intended only to suggest the 
content of MIL-STD-1553, and do not completely describe 
its bus requirements, timing or protocols. 


f* 


FIGURE 2. SIMPLIFIED MIL-STD-1553 RECEIVER 


aa | ve 


“0” 


ol i{2]3tais[e] 7] alo {1ojrs]12}13]14]15]16]17]18] 19] 


COMMAND WORD (FROM CONTROLLER TO TERMINAL) 


sync | TERMINAL | | SUBADDRESS | DATA WORD | 
ADDRESS {.,  /MODE COUNT 


DATA WORD (SENT EITHER DIRECTION) 


SYNC | DATA WORD 


|| 


STATUS WORD (FROM TERMINAL TO CONTROLLER) 


sync| TERMINAL | | cope FoR FAILURE MODES |TF| P | 
ADDRESS | 


FIGURE 4. MIL-STD-1553 WORD FORMATS 


NOTE: This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HD-15531. 
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Absolute Maximum Ratings Reliability Information 

SUDDIY VONAGG + 6:2c65s hese cee ew h eee ceeedendwe es +7.0V Thermal Resistance .................. Ba OX 
Input, Output or /O Voltage ...........-. GND-0.5V to Vec+0.5V Ceramic DIP Package............... 34.8°C/(W 7.9°C/W 
Storage Temperature Range ................- -65°C to +150°C Maximum Package Power Dissipation at +1 25°C 

Junction Temperature... 2... ee eee eee eee eee +175°C Ceramic DIP Package ........ cc cece cece eects eee nes 1.44W 
Lead Temperature (Soldering 10s)............-...-.-. +300°C Gate Count... 20.0. e cence eens 250 Gates 
ESD Classitication-1:5.04 sw wcam ew eevee ne ones s Wewes Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Supoly Voltage eo 3 sed tte se ewes faced a: +4.5V to +5.5V Sync. Transition Span (TD2)........... 18 TDC Typical, (Note 1) 

Operating Temperature Range (Ta) Short Data Transition Span (TD4)........ 6 TDC Typical, (Note 1) 
AD 1558769 aca kale eae doa oe Saar ewes -40°C to +85°C + —_ Long Data Transition Span (TD5) ....... 12 TDC Typical, (Note 1) 
HOH15531-8 oan Sis eae eae ee ciee beaded -55°C to +125°C 

Encoder/Decoder Clock Rise Time (TECR, TDCR)....... 8ns Max 

Encoder/Decoder Clock Fall Time (TECF, TDCF) ........ 8ns Max 


DC Electrical Specifications Vo, = 5.0V + 10%, T, = -40°C to +85° (HD-15531 -9) 
Ta = -55°C to +125° (HD-15531-8) 


[svmeot_[ PARAMETER | WIN | WAX | UNS |  TESTCONDTIONS 
CC 
vm frowns force | =| Y ieeatvawnan 
fentowcenie [|= [owowoe| _v [iecrsavenay 


Vv 
V 
V 
V 
Ea 
Outputs Open 
Outputs Open 
a A C 


Fy Functional Test 


Vite 


IH 
Vo 
Vou 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 3. Tested as follows: f = 15MHz, Vi4 = 70% Voc, Vip = 20% Vec, 
2. Interchanging of force and sense conditions is permitted. C. = SOpF, Von 2 Vec/2 and Vo. < Veo/2. 


Capacitance T, = +25°C, Frequency = 1MHz 


SYMBOL PARAMETER 
Cin Input Capacitance 8 | 
Output Capacitance | 


UNITS TEST CONDITIONS 


All measurements are referenced to device GND 


Cour 
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Specifications HD-15531 


AC Electrical Specifications Vcc = 5V + 10%, Ty = -40°C to +85°C (HD-15530-9) 
Ta = -55°C to +125°C (HD-15530-8) 


SYMBOL PARAMETER | MIN | | MAX | TEST CONDITIONS (NOTE 2) 


ENCODER TIMING 
FEC 
FESC 


Encoder Clock Frequency = 4.5V and 5.5V, C, = 50pF 


= 4.5V and 5.5V, C, = 50pF 


Send Clock Frequency 


oO 190 
Q tO 
H 


Encoder Data Rate 
Master Reset Pulse Width 
Shift Clock Delay 


<j< 
Q 19 
QO FO 
toy 
ES 
nian 
<ji< 
S15 
a;a 
anyon 
orion 
<i < 
Q1TO 
Pr ie 
tau 
oo 
io3 Ro) 
,om ho) 
nny" 


Q 
ac 

1 
on 
oO 
Ss 

nN 


TE1 

TE2 Serial Data Setup 75 

TE3 Serial Data Hold 75 
7 


= 4.5V and 5.5V, C, = 50pF 
= 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
= 4.5V and 5.5V, C, = 50pF 
= 4.5V and 5.5V, C, = 50pF 
= 4.5V and 5.5V, C; = 50pF 
= 4.5V and 5.5V, C, = 50pF 
= 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C, = 50pF 
Voc = 4.5V and 5.5V, C,; = 50pF 


Vec = 4.5V and 5.5V, CL = 50pF 
Voc = 4.5V and 5.5V, C, = S0pF 


Voc = 4.5V and 5.5V, C, = 50pF 


Voc = 4.5V and 5.5V, C, = 50pF 


Vec = 4.5V and 5.5V, CL = 50pF 


<j < 
Q 19 
rol Ke) 
{ 
= 
or 
< 
=] 
a 
an 
on 
< 


TE5 Enable Pulse Width 
TE6 Sync Setup 

TE7 Sync Pulse Width 
TE8 Send Data Delay 
TE9 Bipolar Output Delay 
TE10 
TE11 


1 


QO 10 [OQ |Q 19O QO 
QO FQ JO IO FO O 
I 


Enable Hold 


eed 
eee! 
ae 
| 150 
eee 
a 
| 75 | 
TE4 Enable Setup | 90 | 
| 100 
| 85 
| 150 
ees 
Weed 
10 


Sync Hold 
DECODER TIMING 


FDC Decoder Clock Frequency 
FDS Decoder Sync Clock 


9 
a 
hee 
FDD | Decoder Data Rate Pe ie 
| 150 | 
| 75 
| 10 | 
| 150 


TDR Decoder Reset Pulse Width 
TDRS Decoder Reset Setup Time 
TDRH = | Decoder Reset Hold Time - 

TMR __ | Master Reset Pulse re 


TD1 Bipolar Data Pulse Width TDC + 10 TDC +10 
(Note 1) (Note 1) 


5 


[50 
[25 
aan 
aes 
eee 
a 


TDS One Zero Overlap TDC - 10 


TDC - 10 
(Note 1) 


(Note 1) 


TD6 Sync Delay (ON) | 20 | 110 | 
oS 


30 

TD7 Take Data Delay (ON) 
110 
75 


TD8 Serial Data Out Delay 
TD9 Sync Delay (OFF) 


ae ake 
Eeeeae 
TD10 _| Take Data Delay (OFF) P66. > 
Laces 


TO11 Valid Word Delay 


TD12 Sync Clock to Shift Clock 
Delay 


TD13 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 


2. AC Testing as follows: Input levels: Vi = 70% Voc, Vi, = 20% 
Voc; Input rise/fall times driven at 1ns/V; Timing Reference 
levels: Vo-/2; Output load: C, = 50pF. 


20 
Eo 
Ee 
al 
ae 
me 


~o— 
es a 
es a 
es oe 
Rut 
Pee 


Sync Data Setup 
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Timing Waveforms 


ENCODER TIMING a l [ | <= 
SEND CLOCK 


ies 
ENCODER SHIFT CLOCK | 7 
SERIAL DATAIN SX VALID KS AA UWhnset SSN’ 


SEND CLOCK |.-Tey moet | TE10 | 


ENCODER SHIFT CLOCK 


aes fl aoa TeW 
ENCODER ENABLE ainsisietteounpiaink 22 Aieastnbatniidite tes 
SAT SELECT QQ RRMA OWN 


ENCODER SHIFT CLOCK seems Ce eee eee 
SEND DATA x 


SEND CLOCK oe late ee 


el TE9 


BIPOLAR ONE OUT or 
BIPOLAR ZERO OUT 


DECODER TIMING 
NOTE: UNIPOLAR IN = 0, FOR NEXT DIAGRAMS 
|~—-—— BIT PERIOD ————»|-«___- BIT PERIOD —__——»|~_____ BIT PERIOD ———>| 0) 
}-~~______———_——— Tp2 be- TD3 =|  Tp3 < oO 
BIPOLAR ZEROIN ; D1 <x ie 
-~———_——_____—.———- Tp2- + Qo oO 
' : ' dp) za 
COMMAND SYNC O5 
; i =s 
; ; ; Os 
BIPOLAR ONE IN _! TD1 re) 
$$$ Tp2 ——____—_——+] & Tp3 Tp3 O 
BIPOLAR ZERO IN Tp1 i 
i] (] ‘ 
SS 
f] t t 
DATA SYNC 
BIPOLAR ONEIN [Gtpy, TDi 
| K-Tp3 ~~ TpH3 —~| —-Tp3 | Ka Tp3 —~| l~-Tp3 
BIPOLAR ZERO IN ' TD1 
}~—— Tp4 —| + —_____— Tps te et Tos ———+ + Toa ——+ 
t 1 ‘ t 
: ONE ZERO i ONE 1 
t ' 


' NOTE: BIPOLAR ONE IN=0; BIPOLAR ZERO IN = 1, FOR NEXT DIAGRAMS. _ ! 
' 


' 

' ' r 
\ COMMAND SYNC ' i 
‘ ' 


UNIPOLAR IN _ To2 Tp2 


DATA SYNC 


' 
1 
i) 
[ 
UNIPOLAR IN Tpa Tops Tos Tp4 Tp4 


' 
ONE ZERO ONE ONE 


ewnw~ O fe--- -- 
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Timing Waveforms (Continued) 
DECODER TIMING (Continued) 
DECODER SHIFT CLOCK 
COMMAND/DATA SYNC 


TAKE DATA 


DECODER SHIFT CLOCK 


TD8--~} pose 
SERIAL DATA OUT DATA BIT 


DECODER SHIFT CLOCK ee ee ea 2 
Tp9-+4 


COMMAND/DATA SYNC =| | 
TAKE DATA 
VALID WORD To11—e] -—— 


DECODERSHIFTCLOocK ~~ | —ssss—ttCOUFtt”t~<“t;‘(‘i‘i‘i‘i‘i‘(;’SCdrCsCOCiCisS 
Tors—~| k-— 


DECODER RESET TOR 


eae [>-TORH 


SYNCHRONOUS INPUT (WITH EXTERNAL BIT SYNCHRONIZATION) 
SYNCHRONOUS ogi keene eee 
CLOCK IN 
DECODER SHIFT 2 pace 
CLOCK —~—~——— — 


SYNCHRONOUS 
CLOCK IN 


Ere Serene, Cee Tereeren le ners 
—| /- Tp13 —~}{ - p13 —+| Kto3 - / To 


DATAIN 


Test Load Circuit AC Testing Input, Output Waveform 


oe | INPUT OUTPUT 
Cy" Vin Vou 
50% 50% 
Vin 


“Includes stray and jig capacitance AC Testing: All input signals must switch between V,;, and Vy. Input 
rise and fall times are driven at 1ns per volt. 
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jsduanrisee CMOS Manchester Encoder-Decoder 
Features Pinout 
¢ This Circuit is Processed in Accordance to Mil-Std-883 and is Fully 40 LEAD DIP 
Conformant Under the Provisions of Paragraph 1.2.1. TOP VIEW 
e Support of MIL-STD-1553 
¢ Data Rate (15531B) .......... eee eee eee eee 2.5 Megabit/Sec vec [71 ao] COUNT C1 
*: Data Rate (15531) cise ucacecaewes eadeeeiews 1.25 Megabit/Sec Jao worn te Sa] COUNT cA 
¢ Variable Frame Length to 32-Bits TAKE ORAS sal GKTASINC 
¢ Sync Identification and Lock-in a aeewaca la LSE 
e Separate Manchester Il Encode, Decode 
* Low Operating Power .............0ceeeeeeees 50mW @ 5 Volts | SERIAL DATA our LS. Se) COUNT C2 
SYNCHR DATA {6 | 35} NC 
Description SYNCHR DATA gq] ENCODER SHIFT 
The Harris HD-15531/883 is a high performance CMOS device intended SYNCHR CLK [8_ 133 SEND CLK IN 
to service the requirements of MIL-STD-1553 and similar Manchester II DECODER CLK [9 | 32] SEND DATA 
encoded, time division multiplexed serial data protocols. This LSI chip is | SYNCHR CLK sEL [10 at] SRPOOER NEI 


divided into two sections, an Encoder and a Decoder. These sections | BIPOLAR ZEROIN [11 30] SYNC SEL 
operate independently of each other, except for the master reset and word BIPOLAR ONE IN [12 129] ENCODER ENABLE 
length functions. This circuit provides many of the requirements of MIL- | UNIPOLAR DATA [;3 28] SERIAL DATA IN 
STD-1553. The Encoder produces the sync pulse and the parity bit as well DECODER SHIFT [4 BIPOLAR ONE OUT 
as the encoding of the data bits. The Decoder recognizes the sync pulse | ypansimon set [151 a6) OUTPUT INHIBIT 
and identifies it as well as decoding the data bits and checking parity. ne [tel BIPOLAR ZERO 
The HD-15531/883 also surpasses the requirements of MIL-STD-1553 by | COMMAND syNCc 24] +6 OUT 
allowing the word length to be programmable (from 2 to 28 data bits). A | DECODER PARITY fia 23] COUNT 2 

frame consists of three bits for sync followed by the data word (2 to 28 | DECODER RESET [19] 22] MASTER RESET 
data bits) followed by one bit of parity, thus the frame length will vary from COUNT Co [20 21] GND 


6 to 32 bit periods. This chip also allows selection of either even or odd 
parity for the Encoder and Decoder separately. 


This integrated circuit is fully guaranteed to support the 1MHz data rate of 
MIL-STD-1553 over both temperature and voltage. For high speed appli- 
cations the 15531B will support a 2.5 Megabit/sec data rate. 


The HD-15531/883 can also be used in many party line digital data 
communications applications, such as a local area network or an 
environmental control system driven from a single twisted pair of fiber 
optic cable throughout a building. 


42) 
5 
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Ee 
a6 
S09 
os 
s5 
OS 
oO 
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Block Diagrams 
ENCODER DECODER 
SYNCHRONOUS , 7 8 , SYNCHRONOUS 
SS ec NOEs DATA SELECT DATA 
MASTER RESET UNIPOLAR . 13 4 
22 Pa OUTPUT DATAIN aA = TAKE DATA 
SEND CLK IN INHIBIT BIPOLAR 5.12] TRANSITION CHARACTER 
sa 26 ONE IN FINDER SELECT F—1 IDENTIFIER [> COMMAND 
6 OUT BIPOLAR 5.1! 
24 27 ONE IN DATA SYNC 
| 2 oo 5_, SERIAL 
CHARACTER ONE OUT DATA OUT 
= FORMER 125. pipota DECODER 5, 9 2 
IPOLAR CLK SYNCH- glocr nate PARITY ie VALID WORD 
ENCODER ZERO OUT DECODER »!54 RONIZER BATA ete || CHECK F*S< PARITY 
37 CLK nT CLK SEL ‘: SELECT 
SYNC 
BIT CLK 14. DECODER 
SYNC 510 SHIFT CLK 
COUNTER CLK SEL 
OAS REREKE A SEND | SERIAL | SYNC a 
19 BIT 3 
Co Ci C2 C3 C4 reece COUNTER TAKE DATA 
ENCODER ENCODER ENCODER 
SHIFT | ENABLE PARITY 20) 40) 23) 36) 39 
SELECT CO C1 C2 C3 C4 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2962 
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Specifications HD-15531/883 


Absolute Maximum Ratings 


SUPDIY: VONAIG 3.0 ok ae nek eta Ged Cees Ue oe ears +7.0V 
Input, Output or I/O Voltage ............ GND-0.5V to VCC+0.5V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0... cee cee ee eee +175°C 
Lead Temperature (Soldering 10s)...............0.005 +300°C 
ESD Classilicauion 466i s kee Wea ei eae has Class 1 


Reliability Information 
Thermal Resistance .................- Ba Bc 
Ceramic DIP Package............... 34.8°C/W 7.9°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package .......... 2. cc cece eee ee eee 1.44W 
Gale COUN as hat teeta ree cere eee ae aheeud 250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


SUDpIY Voltage 05.40 eos hase sae ese eeiiw nts +4.5V to +5.5V 
Operating Temperature Range (Ta) ............ -55°C to +125°C 
Encoder/Decoder Clock Rise Time (TECR, TDCR)....... 8ns Max 
Encoder/Decoder Clock Fall Time (TECF, TDCF) ........ 8ns Max 


Sync. Transition Span (TD2)........... 18 TDC Typical, (Note 1) 
Short Data Transition Span (TD4)........ 6 TDC Typical, (Note 1) 
Long Data Transition Span (TD5)....... 12 TDC Typical, (Note 1) 


TABLE 1. HD-15531/883, HD-15531B/883 DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input LOW Clock 
Voltage 


Input HIGH Clock 
Voltage 


Output LOW Volt- 
age 


IOL = +1.8mA, VCC = 
4.5V (Note 2) 


VOH IOH = -3.0mA, VCC = 


4.5V (Note 2) 


Input Leakage 
Current 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 
2. Interchanging of force and sense conditions is permitted. 


LIMITS 
UNITS 


0.2 VCC 


0.7 VCC 


55°C < Ty < +125°C 


V 
Vv 
ze 


3. Tested as follows: f = 15MHz, VIH = 70% VCC, VIL = 20% VCC, 
CL = 50pF, VOH = VCC/2 and VOL < VCC/2. 


0.4 
+1.0 
2 


-55°C < Ty < +125°C 


_ 


+ G@) 
Oz 
aod 
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TABLE 2. HD-15531/883, HD-15531B/883 AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 2) | GROUP A 
CONDI SUB- 


HD-15531/883 HD-15531B/883 


; _ 
on Oo 
() 
ol 


(¢e) _ 
o1 © 


PARAMETER SYMBOL TIONS GROUPS 
ENCODER TIMING 


TEMPERATURE UNITS 


D VCC =4.5V 1 9, 10, 11 -55°C < Ty < +125°C 
and 5.5V 


TVR 55°C ST, +125°C | 150 


FEC} |vcc=4.5V} 9,10,11 | -55°C<T,<+4125°C MHz 

Frequency and 5.5V 
FESC |vCC=4.5V| 9, 10,11 | -55°C <T,< +125°C 2. 5. MHz 

and 5.5V 
Encoder Data Rate FE ee 1.25 2. MHz 


_ 
oi 


2 


TE1 |vCC=4.5V] 9,10, 11 | -55°C<T,<+125°C | 
and 5.5V 
Serial Data Setup TE2 VCC =4.5V} 9,10, 11 | -55°C <T, < +125°C 75 
and 5.5V 
55°C <T, << 4+125°C | 75 
Enable Setup TE4 VCC =4.5V | 9, 10, 11 -55°C < Ta $ +125°C 
and 5.5V 
Enable Pulse Width | TE5 VCC =4.5V | 9, 10, 11 -55°C < Ta <+125°C J 100 
and 5.5V 
TE6 VCC =4.5V | 9, 10, 11 -55°C < Ty < +125°C 55 
and 5.5V 
Sync Pulse Width TE7 vCC =4.5V {| 9, 10, 11 -55°C < Ta < +125°C 150 
and5.5V sf 
Send Data Delay TE8 VCC =4.5V1 9,10,11 | -55°C < Ty < +125°C 
and 5.5V 
Bipolar Output Delay TE9 VCC =4.5V ] 9,10,11 | -55°C <T,< +125°C 
and 5.5V 
Enable Hold TE10 VCC =4.5V | 9, 10, 11 -55°C < Ty < +125°C 
and 5.5V 
Sync Hold TE14. [vCC=4.5V] 9, 10,11 | -55°C<T,<4+125°C | 95 
and 5.5V 


DECODER TIMING 
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Decoder Clock FDC VCC =4.5V | 9,10,11 | -55°C < Ty < +125°C 15 MHz 
Frequency | and 5.5V 
Decoder Sync Clock FDS VCC =4.5V 1 9,10,11 | -55°C <T, <+125°C 2.5 MHz 
| and 5.5V 
Decoder Data Rate VCC=4.5V | 9,10, 11 | -55°C <T, <+125°C 1.25 a 2.5 MHz 
and 5.5V 


Decoder Reset Pulse TDR VCC =4.5V{ 9, 10,11 | -55°C < Ty < +125°C 150 150 
and 5.5V 


Decoder Reset Setup TDRS VCC =4.5V | 9,10,11 | -55°C < Ty < +125°C 75 
Time and 5.5V 
Decoder Reset Hold TDRH |VCC=4.5V] 9,10,11 | -55°C < Ty < +125°C 10 
Time and 5.5V 
Master Reset Pulse TMR VCC =4.5V | 9,10,11 | -55°C < Ty < +125°C 
and 5.5V 
TD1 VCC =4.5V ] 9,10,11 | -55°C < Ty <+125°C | TDC+10 
and 5.5V | (Note 1 ) 
TD3 VCC =4.5V | 9,10, 11 | -55°C < Ty < +125°C TDC-10 
and 5.5V (Note 1 ) 
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Bipolar Data Pulse 
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Specifications HD-15531/883 


TABLE 2. HD-15531/883, HD-15531B/883 AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTE 2) | GROUP A 
CONDI SUB- 
PARAMETER SYMBOL TIONS GROUPS TEMPERATURE 
Sync Delay (ON) VCC =4.5V} 9, 10,11 | -55°C < Ty < +125°C 
and 5.5V 
Take Data Delay (ON) VCC =4.5V 1 9,10, 11 | -55°C < Ty < +125°C 
and 5.5V 
Serial Data Out Delay VCC =4.5V | 9, 10, 11 -55°C < Ty < +125°C 
and 5.5V 
Sync Delay (OFF) VCC =4.5V{ 9,10,11 | -55°C < Ty < +125°C 
and 5.5V 


Valid Word Delay TD11 VCC =4.5V -55°C < Ty < +125°C 
and 5.5V 


TD10 VCC =4.5V -55°C < Ta s+ 25°C 
and 5.5V 

TD12 VCC =4.5V -55°C < Ty $ +125°C 
and 5.5V 


TD6 
TD7 
TD8 
TD9 
Sync Data Setup VCC = 4.5V -55°C < Ty $ +125°C 
and 5.5V 


NOTES: 
1. TDC = Decoder Clock Period = 1/FDC rise/fall times driven at 1ns/V; Timing reference levels: VCC/2; 
2. AC Testing as follows: VIH = 70% VCC, VIL = 20% VCC; Input Output load: CL = S50pF 


TABLE 3. HD-15531/883, HD-15531B/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
input Capacitance Cl VCC = OPEN, f = 1MHz, All 1 
measurements referenced to 
device GND. 


VCC = OPEN, f = 1MHz, All 
measurements referenced to 
device GND. 


Input/Output Capaci- 
tance 


NOTES: 
1. The parameters listed in Table 3 are controlled via design or pro- 2. Guaranteed but not 100% tested. 
cess parameters are characterized upon initial design and after 
major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


fearon 
[ema | Sarinso0s | 287.64 08,0,90,10 
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HD-15531/883 


Burn-In Circuit 


HD1-15531/883 CERAMIC DIP 


SNOILVOINNWINOD 
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NOTES 


VCC = 5 5V + 0.5V 
VIH = 45V + 10% 


VIL = -0 2V to +0 4V 


R 


47kQ + 5% 


FO = 100kHz + 10% 
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HD-15531/883 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
155 x 195 x 19 + 1 mils Material: Gold Silicon Eutectic Alloy 
METALLIZATION: Temperature: Ceramic DIP — 460°C (Max) 
Type: Si-Al WORST CASE CURRENT DENSITY: 
Thickness: 11kA + 2kA 2.0 x 105A/cm2 
GLASSIVATION: 
Type: SiOo 


Thickness: 8kA + 1kA 


Metallization Mask Layout 


HD-15531/883 
VALID WORD COUNT C1 DATA SYNC 
TAKE DATA’ vec COUNT C4 z ENCODER CLK 
TAKE DATA lites Te ie fii 3 sell 2@1 a 
Tee a | ST ho ao Er 


— sigromreneet te sul mi | Hs COUNT C3 
SERIAL DATA OUT & I 


Sst 


a 
| 


i | 
i 


th 


§Lbi SIMHUH 
I 


fea 
{4 


al 
ars te TT. it 
eT 


ENCODER SHIFT CLK 
SYNCHR DATA 


SEND CLK IN 
SYNCHR DATA SEL = 


tee 
tat 


SYNCHR CLK 


DECODER CLK rs | 


Ce ep 
. 4 4| i ‘ : ae 


ifi lt 


SYNCHR CLK SEL 10 


uj] 


BIPOLAR ZERO IN 
BIPOLAR ONE IN 


a | eed fir 


28] SERIAL DATA IN 
UNIPOLAR DATA IN 


i EX] BIPOLAR ONE OUT 


DECODER SHIFT CLK 


TRANSITION “sh, | . T 


ay he Pas Adee, Oe ie 
COMMAND Sync [igi zou ane 7 aif!) r] 7 ZE 24 ci 1 


44 2 
Tm 


oY 


= ra if 
TE 25 BIPOLAR ZERO OUT 


DECODER COUNT MASTER COUNT 
PARITY SEL co RESET 
DECODER RESET GND + 6 OUT 
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HD-15531/883 


40 PIN CERAMIC DIP 


Packaging 
2.035 
2.096 
.005 MIN 
225 WAX 
.015 
.060 
125 
ree .016 * 
023 
.050* 
.065 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are win , Dimensions are in inches. 


lo 


.150 MIN 
.098 MAX 


.100 
BSC 


—_ 
oe 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


COMPLIANT OUTLINE: MIL-STD-1835, 
GDIP1-T40 
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@) HARRIS HS-3182 


December 1994 ARINC 429 Bus Interface Line Driver Circuit 
Features Description 
e¢ TTL and CMOS Compatible Inputs The HS-3182 is a monolithic dielectrically isolated bipolar 


differential line driver designed to meet the specifications of 
ARINC 429. This Device is intended to be used with a com- 
panion chip, HS-3282 CMOS ARINC Bus Interface Circuit, 
Programmable Output Differential Voltage Via Vege which provides the data formatting and processor interface 
Input function. 


¢ Adjustable Rise and Fall Times Via Two External 
Capacitors 


¢ Operates at Data Rates Up to 100 Kilobits/Sec All logic inputs are TTL and CMOS compatible. In addition to 
eae ; the DATA (A) and DATA (B) inputs, there are also inputs for 

e¢ Output Short Circuit Proof and Contains Overvoltage (1 OcK and SYNC signals which are AND'd with the DATA 
Protection inputs. This feature enchances system performance and 


¢ Outputs are Inhibited (0 Volts) If DATA (A) and DATA allows the HS-3182 to be used with devices other than the 


(B) Inputs are Both in the “Logic One” State HS-3182. 
¢ DATA (A) and DATA (B) Signals are “AND’d” with Clock Three power supplies are necessary to operate the 
and Sync Signals HS-3182: +V = +15V + 10%, -V = -15V + 10%, and V; =5V 
_ + 5%. Veer is used to program the differential output voltage 
* Full Military Temperature Range swing such that Voyr (DIFF) = + 2Vpce Typically, Vacr = V; 
ets BV + 55%, butt a Separate power Supply may be used for 
Ordering Information Veer which should not exceed 6V. 


The driver output impedance is 75Q + 20% at 25°C. Driver 
output rise and fall times are independently programmed 
through the use of two external capacitors connected to the 
Ca and Cg inputs. Typical capacitor values are Ca = Cg = 
75pF for high-speed operation (1OOKBPS), and Ca = Cp = 
300pF for low-speed operation (12 to 14.5KBPS). The out- 
puts are protected against overvoitage and short circuit as 
shown in the Block Diagram. The HS-3182 is designed to 
operate with a case temperature range of -55°C to +125°C, 
or 0°C to +70°C. 


Pinouts Truth Table 


16 LEAD DIP 28 LEAD LCC 
TOP VIEW TOP VIEW 


Ce ee [ow 
OO [ee |r 
H H H H OV OV 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2963 
Copyright © Harris Corporation 1991 5-158 


HS-3182 


(16) 
1 e 


” 7 
CURRENT = 
(2) REGULATOR C ° OVERVOLTAGE , 
| -V CB PROTECTION 


(7) (12) aoe 4 ! 


Block Diagram 
(9) (5) 
T+V YCA 
- jee ae 
ees ee OUTPUT nar 4 
(4) DRIVER " { 
DATA (A) © (ay) Rour/2 ; Fa, __ (6) 
- AND SLOPE 1 2 AQUT 
ii ait: CONTROL (A) i ; 
: 7 ail & 
cLocK on [a Fe Bone oe 
mr j Le FO 
ase am Fit 
ee SS Gi ek De Cee eee a | 
SYNC Oo z T ecqareny | 
1 1 
iL LEVEL SHIFTER | 
(13) = AND SLOPE \__6 Bout 
DATA (B) © ace CONTROL (8) J} | 1 a) 
q 
| ER es _~, ; 
eee ee) ] 
( t 
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Typical Application 


PIN NUMBERS INDICATED BY ( ) 9 +5V [ | D +15V 
= Ca 


V1 VREF 
CLOCK 


SYNC AQuT 


HS-3182 
ARINC DRIVER BOUT 
CIRCUIT 


wo) 
5 
- a 
EE 
<x 

a6 
G9 
eS 
sz 
Os 
oO 
O 


16 PIN DIP 


HS-3282 42900 DATA (A) 
M 


cmos 
ARINC 
CIRCUIT 47900 


DATA (B) 


PIN NUMBER 10, 15 = NC 


-15V 


* The rise and fall time of the outputs are set to ARINIC specified values by Ca and Cp. Typical C, = 
Cg = 75pF for high speed and 300pF for low speed operation. The output HI and low levels are set to 
ARINC specifications by Vper. 
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Specifications HS-3182 


Absolute Maximum Ratings 


Voltage Between +V and -V Terminals..............00008. 40V 
Mee haste hie acy eters bie Gh ew Pe chin cna ew eae w athena eal 7V 
Veen tnd raat be hosdulatse es yehishees Suan aa Bact 6V 
Logic Input Voltage...............6008. GND -0.3V to V,; +0.3V 
Storage Temperature Range ..............06- -65°C to +150°C 
Junction Temperature... 0... cee cece ce eee eee +175°C 
Lead Temperature (Soldering 10s)...............0000 +300°C 
ESD Classification ..... 0... ccc cece cect ee eee eee Class 1 
Output Short Circuit Duration. ................005. See Note 1 
Output Overvoltage Protection................005. See Note 2 


NOTES: 


1. Heat sink may be required for 100K bits/s at +125°C and output 
short circuit at +125°C. 


Reliability Information 
Thermal Resistance 0; Bic 


Ceramic DIP Package............. 73.5°C/W —-10.9°C/W 

Ceramic LCC Package ............ 54.0°C/W 6.1°C/W 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package... ........... 20 eee eee eens 0.8W 

Ceramic LCG Package is5.5005.8.c6Gtaww ies otter eects 1.0W 
Transistor: Gounts.ccwcatace 6 sare een what ae retains, 133 


2. The fuses used for output overvoltage protection may be blown 
by a fault at each output of greater than + 6.5V relative to GND. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions 


Operating Voltage: 
GN Shoe e ead Mdte Peete tea ewe et ee care wees +15V + 10% 
SV isnt eats Rene tale Guise eww dead Vawees -15V + 10% 


Supply Current -V (Operating) 
Supply Current V, (Operating) 
Supply Current Vaer (Operating) 
Logic "1" Input Voltage 

Logic "O" Input Voltage 


Output Voltage High (Output to GND) 


Input Current (Input High) 


Output Short Circuit Current 
(Output High) 


Output Short Circuit Current 
(Output Low) 


1. +V=+15V + 10%, -V=-15V + 10%, Vy = Vpcr = 5V + 5%, unless 
otherwise specified T, = 0°C to +70°C for HS-3182-5 and Ta = 
-55°C to +125°C for HS-3182-8. 


Operating Temperature Range: 
923162 -5 os xorg tsk tek Ca ee ee ee as 0°C to +70°C 
HS 162-0 55.04 Avis Ma eRe as eee eee -55°C to +125°C 


0 


5 
Veer | Veer 
(-250mV) | (+250mv) 


IH 
Short to GND 
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Specifications HS-3182 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
A.C. PARAMETER SYMBOL CONDITIONS 


Rise Time (Agyt, Bout) = Cp = 75pF, Note 2 
(at Ta = -55°C Only) 


= 300pF, Note 2 


Fall Time (Aout; Bout) = Cp = = 75pF, Note 3 


(at Ty = -55°C Only) 
Ca = Cg = 300pF, Note 3 
Ca= Ca= = 75pF, No Load 


Cy, = Cg = 75pF, No Load 


NOTES: 


1. +V=+15V, -V=-15V, V; = Veer = 5V, unless otherwise specified 2. ta measured 50% to 90% times 2, no load. 
- (/? 0, 7 = = -55° fe) 
a — sep Aon PR eave a AGM eres Nonna 3. tp measured 50% to 10% times 2, no load. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ag $TT 
PARAMETER SYMBOL CONDITIONS 

a 
sesroemcvieten [ww [amneeinae 
[sevcmervenncen [win [awowrneae fae | [om 


NOTE: 
1. The parameters listed in Table 3 are controlled via design or pro- are characterized upon initial design and after major process 
cess parameters and are not directly tested. These parameters and/or design changes affecting these parameters. 


Power Characteristics Nominal Power at +25°C, +V = +15V, -V = -15V, V; = Vagr = 5V, Notes 1, 3 


‘were | tom | iw |» | | rome MoS 
(K BITS/s) LOAD CHIP POWER IN LOAD 

ae ea [eae a 
i 


NOTES: 
1. Heat sink may be required for 100K bits/s at +125°C and output 2. Full Load for ARINC 429: R, = 400Q and C, = 30,000pF in par- 
short circuit at +125°C. allel between Aoyyz and Boyt (See block diagram). 
Thermal characteristics: T(case) = T(Juncton) ~ (Junction - Case) 3, Output Overvoltage Protection: The fuses used for output over- 
(Dissipation): voltage protection may be blown by a fault at each output of 
Where: T junction Max) = +175°C greater than +6.5V relative to GND. 


8 (Junction - Case) = 10.9°C/W (6.1 °CW for LCC) 
Juncton - Ambient) = 73-5°C/W (54.0°CW for LCC) 
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HS-3182 


Driver Waveforms 


AguT -80uT 


DIFFERENTIAL OV 


OUTPUT 


NOTES: t,measured 50% to 90% times 2 
ts measured 50% to 10% times 2 
Vin = 5V Vo. = -4.75V to -5.25V 
Vip = OV Von = 4.75V to 5.25V 


5V 


OV 


5V 


OV 


+4.75V TO +5.25V 


~4.75V TO -5.25V 


+4.75V TO +5.25V 


~4.75V TO -5.25V 


+9.5V TO +10.5V 


OUTPUTS UNLOADED 
-9.5V TO -10.5 


When the Data (A) input is in the Logic One state and the Data (B) 
input is in the Logic Zero state, Agyy is equal to Vagr and Boyt is 
equal to-Vpcr. This constitutes the Output High state. Data (A) and 
Data (B) both in the Logic Zero state causes both Agyt and Boyt to 
be equal to OV which designates the output Null state. Data (A) in 
the Logic Zero state and Data (B) in the Logic One state causes 
Aout to be equal to-Vagr and Boyt to be equal to Veer which is the 
Output Low state. 


Burn-In Schematic 


V1 DATA (B) +V 


13 12 #11 «10 9 
HS-3182 
4 5 6&6 7 8 


15 14 
2 3 


16 
1 
DATA(A) -V 


NOTES: R= 4002 + 5% 
C, =0.03uF + 20% 
Cz = Cg = 500pF, NPO 
+V = +15.5V + 0.5V 
-V = -15.5V + 0.5V 
V, = +5.5V + 0.5V 


A 0.0uF decoupling capacitor is required on each of the 
three supply lines (+V, -V and V,) at every 3rd Burn-in 
socket. 


GND 


Ambient Temp. Max. = +125°C. 
Package = 16 Lead Side Brazed DIP. 


Pulse Conditions = A & B = 6.25kHz + 10%. B is delayed 
one-half cycle and in sync with A. 


Vin = 2.0V Min. 
Vi. = 0.5V Max. 
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@ HARRIS HS-3282 


REFERENCE AN400 


January 1992 CMOS ARINC Bus Interface Circuit 
Features Pinouts 
e ARINC Specification 429 Compatible siete 


e Data Rates of 100 Kilobits or 12.5 Kilobits 

e Separate Receiver and Transmitter Section vob [1 }40} NC 
¢ Dual and Independent Receivers, Connecting Directly to ARINC Bus 429D11(A) [2 
¢ Serial to Parallel Receiver Data Conversion 429D11(B) [ 3. 38] TX CLK 
¢ Parallel to Serial Transmitter Data Conversion 429D12(A) [ 4 | 37} CLK 

e Word Lengths of 25 or 32 Bits 429D12(B) | 5 [36] N/C 


e Parity Status of Received Data D/At | 6 | [35] N/C 
¢ Generate Parity of Transmitter Data D/R2 CWSTR 
¢ Automatic Word Gap Timer SEL | 8 | ENTX 
© Single 5-Volt Supply EN1| 9) 429D0 
¢ Low Power Dissipation EN2}10 131] 429D0 
¢ Full Military Temperature Range BD15]11| TXR 
re BD14 [12 PL2 
Description 2 Ee 
BD13 28] PLt 
The HS-3282 is a high performance CMOS bus interface circuit that is intended to oon —e 
meet the requirements of ARINC Specification 429, and similar encoded, time 14] 
multiplexed serial data protocols. This device is intended to be used with the BD11 /15 BDO1 


HS-3182, a monolithic Di bipolar differential line driver designed to meet the spec- BD10/16| BDO2 
ifications of ARINC 429. The ARINC 429 bus interface circuit consists of two (2) re- 


is checked, and a parity status is stored in the receiver latch and output on Pin 
BDO8 during the 1st word. [A logic “O” indicates that an odd number of logic “1”s 
were received and stored; a logic “1” indicates that an even number of logic ‘'1”s 
were received and stored]. In the transmitter the parity generator will generate 9 
either odd or even parity depending upon the status of PARCK control signal. A z 
logic “O” on BD12 will cause odd parity to be used in the output data stream. 


ceivers and a transmitter operating independently as shown in Figure 7. The two ai stad 

receivers operate at a frequency that is ten (10) times the receiver data rate, which BDOS |18] BDO4 

can be the same or different from the transmitter data rate. Although the two receiv- BDO7 }19) BDOS 

ers operate at the same frequency, they are functionally independent and each Bpos [20 GND 2 

receives serial data asynchronously. The transmitter section of the ARINC bus oO 

interface circuit consists mainly of a First-In First-Out (FIFO) memory and timing < — 

circuit. The FIFO memory is used to hold up to eight (8) ARINC data words for Ps < 

transmission serially. The timing circuit is used to correctly separate each ARINC w o 

word as required by ARINC Specification 429. Even though ARINC Specification oO = 

429 specifies a 32-bit word, including parity, the HS-3282 can be programmed to 44 LEAD Lcc a 

also operate with a word length of 25 bits. The incoming receiver data word parity TOP VIEW O rs 
O 


429DI2(B) 
429DI2(A) 
429D11(B) 
429DI1{A) 


te. 
re 
i) 


Versatility is provided in both the transmitter and receiver by the external clock 
input which allows the bus interface circuit to operate at data rates from 0 to 100 
kilobits. The external clock must be ten (10) times the data rate to insure no data 
ambiguity. 

The ARINC bus interface circuit is fully guaranteed to support the data rates of 
ARINC specification 429 over both the voltage (+5%) and full military 
temperature range. It interfaces with TTL, CMOS or NMOS support circuitry, and 
uses the standard 5-volt VCC supply. 


Ordering Information 


PACKAGE TEMPERATURE RANGE ORDER CODE 


Ceramic DIP 0°C to +709C HS1-3282-5 
~559C to +125°9C HS1-3282-8 


SMD# 5962-8688001QA 
LCC 0°C to +709C HS4-3282-5 
SMD# 


-55°C to +125°9C HS4-3282-8 
5962-8688001 XA 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2964 
Copyright © Harris Corporation 1992 
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HS-3282 


Pin Assignment and Functions 


[rw [seo [secon [_oecnrnon 
[vee | Reartom [Sponsors 
= 
026 


D/R Receiver Device ready flag output from 
Receiver 1 indicating a valid data 
word is ready to be fetched. 

SE Receiver Bus Data Selector - Input signal to 
select one of two 16-bit words from 
either Receiver 1 or 2. 
N 


1 
Receiver Input signal to enable data from 
Receiver 1 onto the data bus 
D 


Le) 


Device ready flag output from 
Receiver 2 indicating a valid data 
word is ready to be fetched. 


7 
1 


0 


Receiver Input signal to enable data from 
Receiver 2 onto the data bus. 


aa 


Bi-directional data bus for fetching 
data from either of the Receivers, or 
for loading data into the Transmitter 
memory or control word register. 
See Control Word Table for 
description of Control! Word bits. 


Recs/Trans | See Pin 11 


BD14 


Recs/Trans 


= 
Ww 


BD13 
Recs/Trans | See Pin 11 


2 
[e011 | Rea 
S/T ; 


_ 
on 


1 


Reta 


23 BDO4 Recs/Trans | See Pin 11. Control Word function 
not applicable. 
BDO3 Recs/Trans 


1 
1 


8 


| 


4 
6 
7 
19 


21 


es) 


See Pin 11. Control Word function 
not applicable. 


| PIN | SYMBOL SECTION DESCRIPTION 
BDO2 Recs/Trans | See Pin 11. Control Word function 
not applicable. 
BDO1 Recs/Trans | See Pin 11. Control Word function 
not applicable. 


Recs/Trans | See Pin 11. Control Word function 
not applicable. 


Transmitter | Parallel load input signal loading the 
first 16-bit word into the Transmitter 
memory. 

Transmitter | Parallel load input signal loading the 
second 16-Bit word into the 
Transmitter memory and _ initiates 
data transfer into the memory stack. 


Transmitter | Transmitter flag output to indicate 
the memory is empty. 


Data output from Transmitter. 
Data output from Transmitter. 


Transmitter | Transmitter Enable input signal to 
initiate data transmission from FIFO 
memory. 


2 


~ 


E 
ro 
te 


BDOO 
L2 


PLS 


TX/R 


429D0 


| 429D0 
ENTX 


33 


Control word input strobe signal to 
latch the control word from the 


databus into the control word 


register. 


a ee aS 


. ; 


i 


Recs/Trans 


External clock input. May be either 
ten (10) or eighty (80) times the data 
rate. If using both ARINC data rates 
it must be ten (10) times the highest 
data rate, (typically 1MHz). 


Transmitter Clock output. Delivers a 
clock frequency equal to the trans- 
mitter data rate. 


Master Reset. Active low pulse used 
to reset FIFO, bit counters,gap timer, 
word count signal, TX/R and various 
other flags and controls. Master 
reset does not reset the control word 
register. Usually only used on 
Power-Up or System Reset. 


es 


Pinout 


20 19 18 17 16 15 14 13 12 1110987654321 


21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
NC NC NC 
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Operational Description 


The HS-3282 is designed to support ARINC Specification 
429 and other serial data protocols that use a similar format 
by collecting the receiving, transmitting, synchronizing, tim- 
ing and parity functions on a single, low power LSI circuit. It 
goes beyond the ARINC requirements by providing for 
either odd or even parity, and giving the user a choice of 
either 25 or 32 bit word lengths. The receiver and transmit- 
ter sections operate independently of each other. The seri- 
al-to-parallel conversion required of the receiver and the 
parallel-to-serial conversion requirements of the transmitter 
have been incorporated into the bus interface circuit. 


Provisions have been made through the external clock input 
to provide data rate flexibility. This requires an external 
clock that is 10 times the data rate. 


To obtain the flexibility discussed above, a number of exter- 
nal control signals are required, To reduce the pin count 
requirements, an internal control word register is used. The 
control word is latched from the data bus into the register by 
the Control Word Strobe (CWSTR) signal going to a logic 
“1”, Eleven (11) control functions are used, and along with 
the Bus Data (BD) line are listed below: 


Control Word 


BDO6 


Signal to Activate the Source/Destination (S/D) Decoder for Receiver 1. (Logic “1” activates S/D 


BDOS5 SLFTST Connects the self test signal from the transmitter directly to the receiver shift registers, 
bypassing the input receivers. Receiver 1 receives Data True and Receiver 2 receives Data Not. 

Note that the transmitter output remains active. (Logic “O” on SLFTST Enables Self Test). 

awed (~~ saosin enabaiate 


BDO7 x1 if SDENB1 = “1” then this bit is compared with ARINC Data Bit #9. If Y1 also matches (see Y1), the 
word will be accepted by the Receiver 1. If SDENB1 = “0” this bit becomes a don't care. 

BDO8 Y1 If SDENB1 = “1” then this bit is compared with ARINC Data Bit #10. If X1 also matches (see X1), 
the word will be accepted by the Receiver 1. If SOENB1 = “0” this bit becomes a don’t care. 

BDO9 


- 


Signal to activate the Source/Destination (S/D) Decoder for Receiver 2. (Logic “1” activates S/D 


lf SDENB2 = “1” then this bit is compared with ARINC Data Bit #9. If Y2 also matches (see Y2), the 
word will be accepted by the Receiver 2. If SOENB2 = “0” this bit becomes a don't care. 


If SDENB2 = “1” then this bit is compared with ARINC Data Bit #10. If X2 also matches (see X2), 
the word will be accepted by the Receiver 2. If SDENB2 = “0” this bit becomes a don’t care. 


Signal used to invert the transmitter parity bit for test of parity circuits. Logic “O” selects normal 
odd parity. Logic “1” selects even parity. 


Selects high or low Transmitter data rate. If TXSEL = ‘‘O” then transmitter data rate is equal to the 
clock rate divided by ten (10). If TXSEL = “1” then transmitter data rate is equal to the clock rate 


divided by eighty (80). 


Selects high or low Receiver data rate. If RCVSEL = “0” then the received data rate should be 
equal to the clock rate divided by ten (10), if RCVSEL = “1” then the received data rate should be 
equal to the clock rate divided by eighty (80). 


Selects word length. If WLSEL = “0” a 32-bit word format will be selected. If WLSEL = “1” a 25-Bit 


word format will be selected. 
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ARINC 429 DATA FORMAT as input to the Receiver and 
output from the Transmitter is as follows: 


TABLE 1. ARINC 429 32 BIT DATA FORMAT 


ARINC BIT # FUNCTION 


Label 
SDI or Data 
LSB 


Data 
MSB 
Sign 
SSM 
Parity Status 


This format is shuffled when seen on the sixteen 
bidirectional input/outputs. The format shown below is used 
from the receivers and input to the transmitter: 


TABLE 2A. WORD 1 FORMAT 


BI-DIRECTIONAL ARINC 
BIT # FUNCTION BIT # 


Data 
LSB 
SDI or Data 
SSM Status 
Parity Status 
Label 


TABLE 2B. WORD 2 FORMAT 


ARINC 
FUNCTION BIT # 


Sign 
MSB 
Data 


BI-DIRECTIONAL 
BIT # 


Recelver Parity Status: 


‘@) Odd Parity 
1 Even Parity 


If the receiver input data word string is broken before the 
entire data word is received, the receiver will reset and 
ignore the partially received data word. 


If the transmitter is used to transmit consecutive data words, 
each word will be separated by a four (4) bit ‘‘null” state 
(both positive and negative outputs will maintain a zero (QO) 
volt level.) 


TABLE 3. ARINC 25-BIT DATA FORMAT 


ARINC BIT # FUNCTION 


1-8 Label 
LSB 
Data 
MSB 
Parity Status 


TABLE 4A. WORD 1 FORMAT 


BI-DIRECTIONAL ARINC 
BIT # FUNCTION BIT # 


Don’t Care 
Parity Status 
Label 


TABLE 4B. WORD 2 FORMAT 


BI-DIRECTIONAL ARINC 
BIT # FUNCTION BIT # 
15 


MSB 
ea 1 Data 
LSB 


2 a 


Recelver Parity Status: 


= Odd Parity 
1 = Even Parity 
No Source/Destination (S/D) in 25-Bit format. 


Receiver Operation 


Since the two receivers are functionally identical, only one 
will be discussed in detail, and the block diagram will be 
used for reference in this discussion. The receiver consists 
of the following circuits: 


e The Line Receiver functions as a voltage level transla- 
tor. It transforms the 10 volt differential line voltage, 
ARINC 429 format, into 5 volt internal logic level. 


© The output of the Line Receiver is one of two inputs to 
the Self-Test Data Selector (SEL). The other input to 
the Data Selector is the Self-Test Signal from the Trans- 
mitter section. 


e The incoming data, either Self-Test or ARINC 429, 
is double sampled by the Word Gap Timer to generate 
a Data Clock. The Receiver sample _ frequency 
(RCVCLK), 1MHz, or 125kHz, is generated by the Re- 
ceiver/Transmitter Timing Circuit. This sampling 
frequency is ten times the Data Rate to ensure no data 
ambiguity. 


e The derived data clock then shifts the data down a 32- 
Bit long Data Shift Register (Data S/R1). The Data 
Word Length is selectable for either 25-Bits or 32-Bits 
long by the Control Signal (WLSEL). As soon as the data 
word is completely received, an_ internal signal 
(WDCNT1) is generated by the Word Gap Timer Circuit. 


e The Source/Destination (S/D) Decoder compares the 
user set code (X and Y) with Bits 9 and 10 of the Data 
Word. If the two codes are matched, a positive signal is 
generated to enable the WDCNT1 signal to latch in the 
received data. Otherwise, the data word is ignored and 
no latching action takes place. The S/D Decoder can be 
Enabled and Disabled by the control signal S/D ENB. If 
the data word is latched, an indicator flag (D/R1) is set. 
This indicates a valid data word is ready to be fetched by 
the user. 
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e After the receiver data has been shifted down the shift 
register, it is placed in a holding register. The device 
ready flag will then be set indicating that data is ready to 
be fetched. If the data is ignored and left in the holding 
register, it will be written over when the next data word is 
received. 


The received data in the 32 bit holding register is placed 
on the bus in the form of two (2) 16 bit words regardless 
of whether the format is for 32 or 25 bit data words. Ei- 
ther word can be accessed first or repeatedly until the 
next received data word falls into the holding register. 


e The parity of the incoming word is checked and the 
status (i.e., logic ‘‘O” for odd parity and logic “1” for even 
parity) stored in the receiver latch and output on BDO8 
during the Word No. 1. 


e Assuming the user desires to access the data, he first 
sets the Data Select Line (SEL) to a Logic “0” level and 
pulses the Enable (EN1) line. This action causes the Data 


Selector (SEL1) to select the first-data word, which ® 


contains the label field and Enable it onto the Data Bus. 
To obtain the second data word, the user sets the SEL 
line to a Logic ‘‘1” level and pulse the Enable (EN1) line 
again. The Enable pulse duration is matched to the user 
circuit requirement needed to read the Data Word from 
the Data Bus. The second Enable pulse is also used to 
reset the Device Ready (D/R1) flip-flop. This completes a 
receiving cycle. 


Transmitter Operation 


The Transmitter section consists of an 8-word deep by 31- 
Bit long FIFO Memory, Parity Generator, Transmitter Word 
Gap Timing Circuit and Driver Circuit. 


¢ The FIFO Memory is organized in such a way that data 
loaded in the input register is automatically transferred to 
the output register for Serial Data Transmission. This 


eliminates a large amount of data managing time since ° 


the data need not be clocked from the input register to 
the output register. The FIFO input register is made up of 
two sets of 16 D-type flip-flops, which are clocked by 
the two parallel load signals (PL1 and PL2). PL1 must al- 
ways precede PL2. Multiple PL1’s may occur and data 
will be written over. As soon as PL2 is received, data is 
transferred to the FIFO. The data from the Data Bus is 
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clocked into the D-type flip-flop on the positive going 
edge of the PL signals. ff the FIFO memory is initially 
empty, or the stack is not full, the data will be 
automatically transferred down the Memory Stack and 
into the output register or to the last empty FIFO storage 
register. If the Transmitter Enable signal (ENTX) is not 
active, a Logic “O”, the data remains at the output 
register. The FIFO Memory has storage locations to hold 
eight 31-bit words. If the memory is full and the new data 
is again strobed with PL, the old data at the input register 
is written over by the new data. Data will remain in the 
Memory until ENTX goes to a Logic “1”. This activates 
the FIFO Clock and data is shifted out serially to the 
Transmitter Driver. Data may be loaded into the FIFO 
only while ENTX is inactive (low). It is not possible to 
write data into the FIFO while transmitting. WARNING: If 
PL1 or PL2 is applied while ENTX is high, i.e., while 
transmitting, the FIFO may be disrupted such that it 
would require a MR (Master Reset) signal to recover. 


The Output Register of the FIFO is designed such that it 
can shift out a word of 24-Bits long or 31-Bits long. This 
word length is again controlled by the WLSEL bit. The TX 
word Gap Timer Circuit also automatically inserts a gap 
equivalent to 4-Bit Times between each word. This gives 
a minimum requirement of 29-Bit time or 36-Bit time for 
each word transmission. Assuming the signal, ENTX, 
remains at a Logic “1”, a transfer to stack signal is 
generated to transfer the data down the Memory Stack 
one position. This action is continued until the last word 
is shifted out of the FIFO memory. At this time a 
Transmitter Ready (TX/R) flag is generated to signal the 
user that the Transmitter is ready to receive eight more 
data words. During transmission, if ENTX is taken low 
then high again, transmission will cease leaving a portion 
of the word untransmitted, and the data integrity of the 
FIFO will be destroyed. 


A Bit Counter is used to detect the last Bit shifted out of 
the FIFO memory and appends the Parity Bit generated 
by the Parity Generator. The Parity Generator has a 
control signal, Parity Check (PARCK), which establishes 
whether odd or even parity is used in the output data 
word. PARCK set to a logic “O” will result in odd parity 
and when set to a logic 1” will result in even parity. 
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Sample Interface Technique 


From Figure 7, one can see that the Data Bus is time shared 
between the Receiver and Transmitter. Therefore, bus 
controlling must be synchronously shared between the 
Receiver and the Transmitter. 


Figure 1 shows the typical interface timing control of the 
ARINC Chip for Receiving function and for Transmitting 
function. Timing sequence for loading the Transmitter FIFO 
Memory is shown in Timing Interval A. A transmitter Ready 
(TX/R) Flag signals the user that the Transmitter Memory is 
empty. The user then Enables the Transmitter Data, a 16-Bit 
word, on the Data Bus and strobes the Transmitter with a 
Parallel Load (PL1) Signal. The second part of the 32-Bit 
word is similarly loaded into the Transmitter with PL2, which 
also initiates data transfer to stack. This is continuous until 
the Memory is full, which is eight 31-Bit words. The user 
must keep track of the number of words loaded into the 
Memory to ensure no data is written over by other data. Dur- 
ing the time the user is loading the Transmitter, he does not 
have to service the Receiver, even if the Receiver flags the 
user with the signal D/R1 that a valid received word is ready 
to be fetched. This is shown by the Timing interval B. If the 
user decides to obtain the received data before the Trans- 
mitter is completely loaded, he sets the two parallel load 
signals (PL1 and PL2) at a Logic “1” state, and strobes EN1 
while the signal SEL is at a Logic “O” state. After the nega- 
tive edge of EN1, the first 16-Bit segment of the received 
word becomes valid on the Data Bus. At the positive edge of 
EN1, the user should toggle the signal SEL to ready the 
Receiver for the second 16-Bit word. Strobing the Receiver 
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with EN1, the second time, enables the second 16-Bit word 
and resets the Receiver Ready Flag D/R1. The user should 
now reset the signal SEL to a Logic ‘‘O” state to ready the 
Receiver for another Read Cycle. During the time period 
that the user is fetching the received words, he can load the 
transmitter. This is done by interlacing the PL signals with 
the EN signals as shown in the Timing Interval B. Servicing 
the Receiver 2 is similar and is illustrated by Timing interval 
C. Timing interval D shows the rest of the Transmitter load- 
ing sequence and the beginning of the transmission by 
switching the signal TX Enable to a Logic “1” state. Timing 
interval E is the time it takes to transmit all data from the 
FIFO Memory, either 288 Bit times or 232 Bit times. 


Repeater Operation 


This mode of operation allows a data word that has been 
received to be placed directly in the FIFO for transmission. 
A timing diagram is shown in Figure 6. A 32 bit word is used 
in this example. The data word is shifted into the shift regi- 
ster and the D/R flag goes low. A logic “0” is placed on the 
SEL line and EN1 is strobed. This is the same as the normal 
receiver operation and places half the data word (16 bits) on 
the data bus. By strobing PL1 at the same time as EN1, 

these 16 bits will be taken off the bus and placed in the 
FIFO. SEL is brought back high and EN1 is strobed again 
for the second 16 bits of the data word. Again by strobing 
PL2 at the same time the second 16 bits will be placed in 
the FIFO. The parity bit will have been stripped away leaving 
the 31 bit data word in the FIFO ready for transmission as 
shown in Figure 5. 
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FIGURE 7. SINGLE CHIP ARINC 429 INTERFACE FUNCTIONAL BLOCK DIAGRAM 
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Specifications HS-3282 


Absoiute Maximum Ratings 


Supply Voltage ... 0... ccc cece cece cece eens eeceuceencees 7.0V. Thermal Resistance Bia 
Input, Output or 1/O Voltage Applied Ceramic DIP Package................. 729C/W 

(Except Pins 2-5). ...... 0c. cc cece ee GND -0.3V to VDD +0.3V Ceramic LCC Package .............402- 65°C/W 10.3°C/W 
Input Voltage Applied (Pins 2-5) ................5. -29Vto+29V Package Power Dissipation at +125°9C 


Junction Temperature ........... ccc eee ete cence 
Storage Temperature Range ..............06. -65°C to +150°C 
ESD CIASSINICAUON sassodd es es Siete ward e wade sewer ees 


CAUTION: Stresses in excess of those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress only ratings and 
operation of the device at these or any other conditions in excess of those indicated in the operational sections of this specification ts not implied. 


Recommended Operating Conditions 


Operating Temperature Range Operating Voltage Range .......... ccc cece wees 4.75V to 5.25V 
HS=3260 2-5 pies deese ioe dea’ Were laces eeees 0°C to +709C 
he alt 74 27225 = ge a ee ate ene ere eee -559C to +1259C 


Thermal Information 


. +1759C Ceramic DIP Package ........... ccc cece ecccccneeees 
Ceramic LCC Package ......... cc cece eee cece ees 


GClass"1" ‘Gate COuab 6 vecoe iw ive ed kee dee eade iw th eewticven 


. +300°C 


DC ELECTRICAL PERFORMANCE CHARACTERISTICS Vpp = 5V + 5%; Ta = 0°C to +70°C (HS-3282-5), 
Ta = -55°C to +125°C (HS-3282-8) 


LIMITS 
D.C. PARAMETERS SYMBOL CONDITIONS 


ARINC INPUTS Pins 2-3, 4-5 
Logic “1” Input Voltage 

Logic “O” Input Voltage 

Null Input Voltage 

Common Mode Voltage 

Input Leakage 


Input Leakage 


Differential Input 
Impedance 


Input Impedance to VDD 

Input Impedance to GND 

BIDIRECTIONAL INPUTS Pins 11-20, 22-27 
Logic “1” Input Voltage 

Logic “O” Input Voltage 

Input Leakage 

Input Leakage 

ALL OTHERINPUTS Pins 8-10, 28, 29, 33, 34, 37,39 
Logic “1” Input Voltage 

Logic “O” Input Voltage 

Input Leakage 

Input Leakage 


Vpp = 5.25V 
Vpop = 5.25V 
Vop = 4.75V, 5.25V 
VoD = 4.75V, 5.25V 


Vop = 5.25V, 
VIN = +6.5V 


Vpp = 5.25V, VIN = 0.0V 


Vop = 5.25V, 
VIN = +5V, -5V 


Vop = 5.25V, VIN = OV 
Vpp = Open, VIN = 5.0V 


Vpp = 5.25V 

Vpop = 4.75V 

Vop = 5.25V, VIN = 5.25V 
Vpp = 5.25V, VIN = 0.0V 


Vpp = 5.25V 

Vop = 4.75V 

Vop = 5.25V, VIN = 5.25V 
Vop = 5.25V, VIN = 0.0V 


OUTPUTS Pins 6, 7, 11-20, 22-27, 30-32, 38, Supply Pin 1 


Logic “1” Output Voltage 


Logic “O” Output Voltage 


Standby Supply Current 


Operating Supply Current 


Vpp = 4.75V, 
IOH = -1.5mA 


Vpop = 4.75V 
1IOL = 1.8mA 


Vpop = 5.25V, VIN = OV 
Except 9, 10, 29 = 5.25V 
Vpp = 5.25V, VIN = 5.25V 


Except 8, 33 = 0.0V, 
CLK = 1MHz 
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Specifications HS-3282 


AC ELECTRICAL PERFORMANCE CHARACTERISTICS Vpp = 5V + 5%; Ta = 0°C to +70°C (HS-3282-5), 
Ta = -55°C to +1250C (HS-3282-8) 


A.C. PARAMETERS SYMBOL CONDITIONS 


Clock Frequency 
Data Rate 1/ 


Data Rate 2/ 
Master Reset Pulse Width 
RECEIVER TIMING 


ie 
FD 
TMR 


Vop = 4.75V, 5.25V 


1 MHz 
100 kHz 
12.5 kHz 

- ns 


Receiver Ready Time 
From 32nd Bit 1/ 


Receiver Ready Time 
From 32nd Bit 2/ 


Device Ready to Enable Time 
Data Enable Pulse Width 


Data Enable to Data 
Enable Time 


Data Enable to Device 
Ready Reset Time 


Output Data Valid to 
Enable Time 


Data Enable to Data 
Select Time 


Data Select to Data 
Enable Time 


Output Data Disable Time 
CONTROL WORD TIMING 


Control Word Strobe 
Pulse Width 


Control Word Setup Time 

Control Word Hold Time 
TRANSMITTER FIFO Write Timing 
Parallel Load Pulse Width 


Parallel Load to Parallel 
Load 2 Delay 


Transmitter Ready Delay Time 
Data Word Setup Time 

Data Word Hold Time 
TRANSMITTER Output Timing 


Enable Transmit to Output 
Data Valid Time 1/ 


Enable Transmit to Output 
Data Valid Time 2/ 


Output Data Bit Time 1/ 
Output Data Bit Time 2/ 
Output Data Null Time 1/ 
Output Data Null Time 2/ 
Data Word Gap Time 1/ 
Data Word Gap Time 2/ 


Data Transmission Word to 
TX/R Set Time 


Enable Transmit Turnoff Time 
REPEATER OPERATION TIMING 


Data Enable to Parallel 
Load Delay Time 

Data Enable Hold for 
Parallel Load Time 


Enable Transmit Delay Time 


NOTES: 1. 100kHz Data Rate. 2. 


TD/R2 


TD/R2 


TD/REN 
TEN 
TENEN 


TEND/R 


TENDATA 


TENSEL 


TSELEN 


TDATAEN 


TCWSTR 


TCWSET 
TCWHLD 


TPL 
TPL12 


TTX/R 
TOWSET 
TDWHLD 


TENDAT 


TENDAT 


TBIT 
TBIT 
TNULL 
TNULL 
TGAP 
TGAP 
TDTX/R 


TENTX/R 


TENPL 


TPLEN 


TTX/REN 


12.5kHz Data Rate. 


Vpp = 4.75V, 5.25V 


Vpp = 4.75V, 5.25V 


| 


VoD = 4.75V, 5.25V 


Vpp = 4.75V, 5.25V 


Vop = 4.75V, 5.25V 
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Specifications HS-3282 


ELECTRICAL PERFORMANCE CHARACTERISTICS Vop = 5V + 5%; Ta = 0°C to +70°C (HS-3282-5), 
Ta = -55°C to +125°C (HS-3282-8) 


(Note 1) 
PARAMETERS SYMBOL CONDITIONS 


VbpD = Open, f = 1MHz, Note 2, 3 
Vpp = GND, f = 1MHz, Note 2, 3 
Vppb = Open, f = 1MHz, Note 2,3 


NOTES 1. The parameters listed in thts table are controlied via design or 3 Pins 2-3, 4-5. 
process parameters and are not directly tested These parame- 4 Pins 8-10, 28, 29, 33, 34, 37, 39. 
ters are characterized upon initial design and after major 
process and/or design changes affecting these parameters. 5. Pins 6, 7, 11-20, 22-27, 30-32, 38. 


Vpp = Open, f = 1MHz, Note 2, 4 
Vpp = Open, f = 1MHz, Note 2, 5 


2 All measurements are referenced to device GND 6. Pins 8-20, 22-29, 33, 34. 
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Timing Waveforms 
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FIGURE 2. RECEIVER TIMING 


FIGURE 3. CONTROL WORD TIMING 
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Timing Waveforms (continued) 
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FIGURE 5. TRANSMITTER OUTPUT TIMING 
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FIGURE 6. REPEATER OPERATION TIMING 
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Burn-In Circuit 


NOTES: 


1. 


RON 


Resistors = 47kQ, 5%, 
1/4 Watt (Min) 

GND = Ground 

VDD = +5.5V; +0.5V 


. ~“C = 0.01 nF/Socket (Min) 


. FO = 100kHz 
F1 = F0/2 
F15 = F14/2 


NC 
NC 
NC 
F9 
VDD 
F8& 
F15 
F14 
F13 
F12 
F114 


HS-3282 


HS-3282 CERAMIC DIP 


Vpp 
GND — 
1 
F4 | 2 | 
GND 3 | 
F4 4 | 
GND 5 | 
NC [6] DRI 
NC 
F9 | 8 | 
VDD 9 | EN1 
F8 10) 
F15 14] 
Fi4 12) 
F13 
F12 14 
Fit 15] 
F10 16) 
F9 
F8 18 
F7 19) 
F6 20 
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NC 
F1i5 
NC 
FO 
NC 
NC 
VDD 
GND 
NC 
NC 
NC 
F8 
F8 
FO 
F1 
F2 
F3 
F4 
FS 
GND 


N/C 
N/C 
VppD 
GND 
NC 
N/C 
N/C 
F8 
F8 
FO 
F1 
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Metallization Topology 


DIE DIMENSIONS: 
246 x 224 x 19 mils 
(6250 x5700 x 483 um) 


METALLIZATION: 
Type: Si-Al 
Thickness: 11KA + 2kA 
GLASSIVATION: 
Type: SiOo 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
2x 105 A/cm2 


LEAD TEMPERATURE (10 sec soldering) 
< 300°C 


Metallization Mask Layout 
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GENERAL DESCRIPTION 


The ICL232 is a dual RS-232 transmitter/receiver inter- 
face circuit that meets all EIA RS-232C specifications. It 
requires a single +5V power supply, and features two on- 
board charge pump voltage converters which generate 
+10V and —10V supplies from the 5V supply. 


The drivers feature true TTL/CMOS input compatibility, 
slew-rate-limited output, and 300 ohms power-off source 
impedance. The receivers can handle up to +30 volts, and 
have a 3 to 7 kilohms input impedance. The receivers also 
have hysteresis to improve noise rejection. 


Typical Applications 

Any System Requiring RS-232 Communications Port: 
© Computers—Portabie and Mainframe 

® Peripherals—Printers and Terminals 

© Portable Instrumentation 

© Modems 

® Dataloggers 


ORDERING INFORMATION 


ha 
O’Cto+ 70°C | 16PinPlastic DIP 
| Wou2s20ue | | 16PinCERDIP 
| IoLes208e | |_16Pin SOIC (WB) | 
~40°C to +85°C 
| WCL2a2iJE | 16PinCERDIP | 
| ICL292i6E | 16 Pin SOIC (we) | 
[Licrasemse | —85°C1o + 126°C | 18PinCERDIP_| 


Outline Drawing (PE, JE) 


Figure 1: Pin Configurations 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE 
NOTE All typical values have been charactenzed but are not tested 


ICL232 
+5 Volt Powered Dual RS-232 
Transmitter/Receiver 


FEATURES 

© Meets All RS-232C Specifications 

© Requires Only Single +5V Power Supply 
© Onboard Voltage Quadrupler 

© Low Power Consumption 


© 2 Drivers 
—+9V Output Swing for + 5V input 
—300 Ohms Power-off Source Impedance 
—Output Current Limiting 
—TTL/CMOS Compatible 
—30 V/us Maximum Slew Rate 


© 2 Receivers 
—+30V Input Voltage Range 
—3 to 7 kohms Input Impedance 
—0.5V Hysteresis to Improve Noise Rejection 

© All Critical Parameters are Guaranteed Over the 
Entire Commercial, Industrial and Military 
Temperature Ranges 


| — +5V TO #10V ) 
Al I] VOLTAGE DOUBLER 


Figure 2: iCL232 Functional Diagram 
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SOIC Package (BE) 


File Number 


ABSOLUTE MAXIMUM RATINGS 


Voc to ground ............... (GND — 0.3V) < Voc < 6V 
V+ to ground ..............5. (Voc — 0.3V) < Vt < 12V 
V~ to ground.............. —12V <V- <(GND + 0.3V) 
Input Voltages 
Whig Utne actos (V~ — 0.3V) < Vi, < (Vt + 0.3V) 
Filins ein Sieh ise eulS Sie os eee ae ees + 30V 
Output Voltages 


T1out, T2out --(V~ — 0.3V) < VrxouT < (V* + 0.3V) 
RIO uiti AZ OUT kee sciiee a setic in on adh keen d eles 


Short Circuit Duration 


THOU COUT oe akag takes aerate ater phan Continuous 
AlOUT BZOUT ates kicker ames Continuous 
Continuous Total Power Dissipation (Tg = 25°C) 
CERDIP Package « iccancsecccienvicessewuees 500mW 
derate —9.5 mW/°C above 70°C 
Plastic Package... ... 2... cece cee ee eee 375mW 


derate —7.0 mW/°C above 70°C 


ICL232 


SO:Package ei i ccssistha Gea wie eeu aweew a ear aes 375 mW 
derate —7.0 mW/°C above 70°C 
Storage Temperature Range........... —65°C to + 150°C 
Lead Temperature (Soldering, 10 sec)............ + 300°C 
Operating Temperature Range 
IG 2O 2G xs 5 5 le nasal ace nis 8 nko Rese Rae RS 0°C to + 70°C 
IGE 284i eseas vurtaibadtinsawsai karen — 40°C to + 85°C 
IGE ZS 2s y:chn cited wna RAR e es eer — 55°C to + 125°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied Exposure to absolute maximum rating conditions for extended pen- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS Test Conditions: Vcc = +5V +10%, Ta = operating temperature range, 


Test Circuit as in Figure 3 (unless otherwise specified) 


Tin, Input Logic Low 


Transmitter Output Voltage Swing 


RS-232 Output Short Circuit Current 


NOTE 1: Guaranteed by design. 
2: See Figure 5 for definition. 


NOTE All typical values have been charactenzed but are not tested 


T1out and T29yT loaded with 


3 kf to ground 


Power Supply Current Outputs Unloaded, Tg = 25°C — 
Tin, Input Logic High rs 
V < 
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Vin 
Vin (H-L) | Receiver input Low Threshold Voc = 5.0V, Ta = 25°C 
Vec 
Receiver Input Hysteresis rere 


3V 


TTL/CMOS Receiver Output Voltage High | lout = —1.0mA 
Propagation Delay RS-232 to TTL or TTL to RS-232 


a 
Instantaneous Slew Rate CL = 10pF, Ry = 3kO 
Ta = 25°C (Note 1, 2) 
Transition Region Slew Rate RL = 3kQ, C, = 2500 pF Measured 
from +3V to —3V or —3V to +3V 
MBaae Output Resistance Veo = Vt = V— = OV, Vout = +2V } 300 | 


) le 
Vin (L-H) | Receiver Input High Threshold = 5.0V, Ta = 25°C 
Tlout OF T2out Shorted to GND 


CC 
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IH 
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+4.5V TO 
#5.5V INPUT 


T1 OUTPUT === 
RS=232 a 
£30V INPUT 
TTL / CMOS 
OUTPUT 


TIL / CMOS 
INPUT 


TTL / CMOS 


tL 12 ourPuT ail 
= = RS~232 TTL / CMOS 
£30V INPUT OUTPUT 
0100-3 0100-4 
Figure 4: Power-Off Source Resistance 
Configuration 


Figure 3: General Test Circuit 


TYPICAL PERFORMANCE CHARACTERISTICS 
V+, V~— Output Voltages vs Load 


eas V+, V~— Output Impedances vs Vcc re Current 
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INPUT SUPPLY VOLTAGE Voc (VOLTS) IILoap| (mA) 
0100-5 0100-6 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 


The ICL232 is a dual RS-232 transmitter/receiver pow- 
ered by a single + 5V power supply which meets all EIA RS- 
232C specifications and features low power consumption. 
The functional diagram (Figure 2) illustrates the major ele- 
ments of the ICL232. The circuit is divided into three sec- 
tions: a voltage quadrupler, dual transmitters, and dual re- 
ceivers. 


Voltage Converter 


An equivalent circuit of the dual charge pump is illustrated 
in Figure 5. 


The voltage quadrupler contains two charge pumps which 
use two phases of an internally generated clock to generate 
+10V and —10V. The nominal clock frequency is 16 kHz. 
During phase one of the clock, capacitor C1 is charged to 
Vec- During phase two, the voltage on C1 is added to Veg, 
producing a signal across C2 equal to twice Voc. At the 
same time, C3 is also charged to 2Vc,, and then during 
phase one, it is inverted with respect to ground to produce a 
signal across C4 equal to —2V ¢,. The voltage converter 
accepts input voltages up to 5.5V. The output impedance of 
the doubler (V+) is approximately 200 ohms, and the output 
impedance of the inverter (V~) is approximately 450 ohms. 
Typical graphs are presented which show the voltage con- 
verters output vs input voltage and output voltages vs load 
characteristics. The test circuit (Figure 3) uses 22 uF capac- 
itors for C1-C4, however, the value is not critical. Increasing 
the values of C1 and C2 will lower the output impedance of 
the voltage doubler and inverter, and increasing the values 
of the reservoir capacitors, C3 and C4, lowers the ripple on 
the V+ and V~ supplies. 


ICL232 


90% 
Tour Tour 10% 


Vou 
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(0.8) (Von — Von - (0.8) (Voi — Von) 
ty tf 


Figure 6: Slew Rate Definition 


Instantaneous Slew Rate (SR) = 


Transmitters 


The transmitters are TTL/CMOS compatible inverters 
which translate the inputs to RS-232 outputs. The input log- 
ic threshold is about 26% of Voc, or 1.3V for Veg = 5V.A 
logic 1 at the input results in a voltage of between —5V and 
V~— at the output, and a logic 0 results in a voltage between 
+5V and (V+ —0.6V). Each transmitter input has an inter- 
nal 400 kilohm pullup resistor so any unused input can be 
left unconnected and its output remains in its low state. The 
output voltage swing meets the RS-232C specification of 
+5V minimum with the worst case conditions of: both trans- 
mitters driving 3kohm minimum load _ impedance, 
Vec = 4.5V, and maximum allowable operating tempera- 
ture. The transmitters have an internally limited output slew 
rate which is less than 30V/us. The outputs are short circuit 
protected and can be shorted to ground indefinitely. The 
powered down output impedance is a minimum of 300 
ohms with +2V applied to the outputs and Vo, = OV. 
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Figure 5: Dual Charge Pump 


NOTE All typical values have been charactenzed but are not tested 
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Tour 


GND < Tywy < Voc 3000 =< Vaouy, < V# 


Y= 
Figure 7: Transmitter 


Receivers 


The receiver inputs accept up to + 30V while presenting 
the required 3 to 7 kilohms input impedance even if the 
power is off (Ve- = OV). The receivers have a typical input 
threshold of 1.3V which is within the +3V limits, known as 
the transition region, of the RS-232 specification. The re- 
ceiver output is OV to Vee. The output will be low whenever 
the input is greater than 2.4V and high whenever the input is 
floating or driven between +0.8V and —30V. The receivers 
feature 0.5V hysteresis to improve noise rejection. 


Figure 8: Receiver 
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Figure 9: Propagation Delay Definition 


APPLICATIONS 


The ICL232 may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 
where +12V power supplies are not available for conven- 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 

A simple duplex RS-232 port with CTS/RTS handshaking 
is illustrated in Figure 10. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 5 kN resistor con- 
nected to V+. 

In applications requiring four RS-232 inputs and outputs 
(Figure 11), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which ef- 
fectively increases the output swing of the transmitters. 


DTR (20) DATA 
TERMINAL READY 


DSRS (24) DATA 
SIGNALING RATE SELECT 


RS = 232 
INPUTS & OUTPUTS 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 


CTS (5) CLEAR TO SEND 


SIGNAL GROUND (7) 
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Figure 10: Simple Duplex RS-232 Port with CTS/RTS Handshaking 


NOTE: All typical values have been characterized but are not tested. 
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Figure 11: Combining Two ICL232’s for 4 Pairs of RS-232 Inputs and Outputs 


NOTE: All typical values have been characterized but are not tested. 
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HM-XXXX Series Low Voltage Data Retention 


HARRIS HM-XXXX Series CMOS RAMs are designed with _—_ 3. All other inputs should be held either high (at CMOS VCC) or at 


battery backup in mind. Data retention voltage and supply ground to minimize ICCDR. 
current are guaranteed over temperature. The following rules —4._ Inputs which are to be held high (e.g. E) must be kept between 
insure data retention: VCC +0.3V and 70% of VCC during the power up and power 


1. Chip Enable (E) must be held high during data retention; withi sige, 
. Chip Enable (E) mus in ion; : 
vce to VCC +0.3V Pe pee, er erm ee 5. The RAM can begin operation one TEHEL (for synchronous 
; RAMs) and >5ns (for asynchronous RAMs) after VCC reaches 


2. On RAMs which have selects or output enables (e.g. S, G), one the minimum operating voltage (4.5 volts). 


of the selects or output enables should be held in the deselected 
State to keep the RAM outputs high impedance, minimizing pow- 


er dissipation. 
DATA RETENTION TIMING 
DATA RETENTION MODE 
vcc 4.5V 4.5V 
vec =2.0V SEE NOTE 5 


TEHEL 


CMOS MEMORY 


9-9 


Industry CMOS RAM Cross Reference 


HARRIS CMOS RAMs 
FUJI- | HIT- MITSU-] MOT- | NAT- HARRIS/ TOSH- | NMOS, 
DESCRIPTION Tsu | ACH! | ItOT | BISH! |OROLA| IONAL | NEC RCA IBA | OTHER 
4K CMOS RAMs 


1k x 1, 16 Pin Synchronous HM-6508 8401 6508 6508 443 6508 5508 | 2125, 4015 
740929 1821 
1K x 1, 18 Pin Synchronous HM-6518 | 6518 6518 
: 740930 
256 x 4, 22 Pin Synchronous HM-6551 6551 1822 
740920 5101 
315D, 4104, 


4K CMOS RAMs 
4K x 1, 18 Pin Synchronous HM-6504 | 92144 8404 | 4315 6504 | 6504 5104 6504 | 5504 
6147 
4404 
HM-6514 | 91L14 8414 | 4334 58081 | 6514 | 6514 | 444 | 5114 | 5114 | 6514 | 5514 | 2114,2148, 
91124 6148 5115 2149, 4045, 
314A 


2K x 8, 24 Pin Asynchronous HM-65162 8416 51 — — a —_ — a 2116, 
2016, 4016 

16K x 1, 20 Pin Asynchronous | HM-65262 8167 6167 6167 2267 2167, 
2367 8167,1400 


64K CMOS RAMs 
99C88 | 8808A | 8464 6264 7164 5164 6164 6164 4464 | 6264 2064 5564 
8808 7M864 2264 5565 
8M864 


2141, 2147, 


1K x 4, 18 Pin Synchronous 


16K CMOS RAMs 


HM-65642 
HM-8808A* 
HM-8808* 


8K x 8, 28 Pin Asynchronous 


128K CMOS RAM MODULE 


ek xa,20Pin Asynrronous TMT] —- _PeRRT [| |||] |_| |] 


256K CMOS RAM MODULE 


32K x 8/16K x 16 48 Pin Module | HM-92560 

Asynchronous HM-92570 

32K x 8 28 Pin Module HM-8832 8832 
Asynchronous 


4M CMOS MODULE 


Co ne 1 AN GG MA ON SMC CR AG Go Re 


*“CMOS RAM Module 
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SEMICONDUCTOR 


rt 


February 1992 


Features 
e Static CMOS Silicon-On-Sapphire Circuitry-CD4000- 
Series compatible 


Compatible with CDP1800-Series Microprocessors at 
Maximum Speed 


e Fast Access Time............ 100ns Typ. @ Vpp = 5V 
¢ Single voltage Supply 

¢ No Precharge or External Clocks Required 

¢ Low Quiescent and Operating Power 

¢ Separate Data Inputs and Outputs 

¢ High Noise Immunity.................. 30% of Vop 


e Memory Retention for 
Standby Battery Voltage Down to 2V @ +25°C 


e Latch-Up-Free Transient-Radiation Tolerance 


Ordering Information 


PACKAGE TEMP. RANGE ORDER CODE 
Ceramic DIP -55°C to +125°C CDP1821CD3 


Pinout 
16-LEAD DIP = 
TOP VIEW es 


= 


ccd rae (aaa owe la 
! 1716 ie 16 x32 Voo 
i ee lonca CELL ARRAY ; 
A3O—-—------ ae 1S 


INPUTS OUTPUT 


oe RITE aid as 
DATA OUTPUT DO 


CDP1821C/3 


High-Reliability CMOS 
1024-Word x 1-Bit Static RAM 


Description 


The CDP1821C/3 is a 1024-word x 1 bit CMOS silicon-on- 
sapphire (SOS), fully static, random-access memory 
designed for use in CDP1800 microprocessor systems. This 
device has a recommended operating voltage range of 4 to 
6.5 volts. 


The output state of the CDP1821C/3 is a function of the 
input address and chip-select states only. Valid data will 
appear at the output in one access time following the latest 
address change to a selected chip. After valid data appears, 
the address may be changed immediately. It is not neces- 
sary to clock the chip-select input or any other input terminal 
for fully static operation; therefore the chip-select input may 
be used as an additional address input. When the device is 
in an unselected state (CS = 1), the internal write circuitry 
and output sense amplifier are disabled. This feature allows 
the three-state data outputs from many arrays to be OR-tied 
to a common bus for easy memory expansion. 


The CDP1821C/3 is supplied in the 16-lead hermetic dual- 
in-line side-brazed ceramic package (D suffix) that conforms 
to MIL-M-38510 Case Outline D-2. 


Functional Block Diagram 


>. 


BUFFERS 
Oe aa ee Tessas -S> COL = 


is [Sac rr | COLUMN BUFFERS [earn | 


Lt [eal COLUMN. DECODER [auton |] FS 


aim os 
i aeceonteer ROW 16 


Vss 
eee ye 


ee ae ROW 3 


CoE O--e ene COL 
BUFFERS 


FIGURE 1. 
OPERATIONAL MODES 


| High Impedance 


Contents of Addressed Call 


X=Dont Care Logic 1= High Logic 0 = Low 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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File Number 2983 


CMOS MEMORY 


Specifications CDP1821C/3 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp) 


(All Voltages Referenced to Vgg Terminal) ........ —0.5V to +7V 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V 
DC Input Current, Any One Input.................. 2. eens +10mA 
Power Dissipation Per Package (Pp) 

Te S08 C 104100 i rong ceria eon MGR SeE eS 500mW 

Ta = 100°C to +125°C. 2. eee eee eee Derate Linearly at 

12mWP/C to 200mW 


Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package TypeS)......... cece ee cece c cece ee ees 100mW 
Operating Temperature Range (Ta)...........- ~55°C to +125°C 
Storage Temperature Range (Tay) ......------ —65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... . cece ce eee eee eee n ees +265°C 


Recommended Operating Conditions _T, = Full Package-Temperature Range, For maximum reliability, nominal operating con- 
ditions should be selected so that operation is always within the following ranges: 


LIMITS 
CDP1821CD/3 


CHARACTERISTIC 
DC Operating Voltage Range 


Input Voltage Range 


Static Electrical Characteristics Vp) =5V 5% 


CHARACTERISTIC SYMBOL 


Quiescent Device Current (Note 1) 


Output Low Drive (Sink) Current (Note 1) lot 


Output High Drive (Source) Current 
(Note 1) 


fe) 
= 


Output Voltage Low-Level 
Output Voltage High-Level Vou 


Input Low Voltage 


< 
= 


Input High Voltage 
Input Current (Note 1) 
3-State Output Leakage Current (Note 1) lout 


Operating Current (Note2) 


Input Capacitance 


A 3 
z 


Output Capacitance 


NOTES: 
1. Limits designate 100% testing. All other limits are designer's pa- 
rameters under given test conditions and do not represent 100% 
testings 


Cour 


< 
x= 


LIMITS 
-55°C, +25°C +125°C 


Vin = OV or Von 


Vin = OV or Vop 


2. Measured with 1-ps read-cycle time and outputs floating. 


Specifications CDP1821C/3 


Read Cycle Dynamic Electrical Characteristics , t, = 10ns, C, = 50pF 


CHARACTERISTIC SYMBOL 


Data Access Time (Note 1) 


a 


NOTE: 1. 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing. 


5 SOS SCL ee 


R/W s “FY j 
(NOTE 3) of, Y. (NOTE 4) 


'pOHPTINOTE 5) 
DATA OUT \ HIGH 
(NOTE 5) "AA eves ) 
| IMPEDANCE 


NOTES: 
1. Chip-Select (CS) permitted to change from high to low level or remain low on a selected device. 
2. Chip-Select (CS) permitted to change from low to high level or remain low. 
3. Read/Write (R/W) must be at a high level during all address transitions. 
4. Don’t care. 
5. Data-Out (DO) is a high impedance within tps ns after the falling edge of R/W or the rising edge of CS. 
FIGURE 2. READ CYCLE TIMING DIAGRAM 


6 
> 
x 
Oo 
= 
uu 
= 
Y) 
O 
= 
oO 


Specifications CDP1821C/3 


Write Cycle Dynamic Electrical Characteristics  t, t;= 10ns, C, = 50pF 


Input Data Hold Time (Note 1) 


Read/Write Pulse Width Low (Note 1) 


NOTE: 1. 100% tasting. All other limits are designer's parameters under given test conditions and do not represent 100% testing. 


és / (NOTE 1) 4 GFfKKE: 2): 


AO-AQ : 'WC 

R/W 

(NOTE 3) ‘as tan 
los OH 


Op § 


LLL SSS SULLA LLL 


1. Chip-Select (CS) permitted to change from high to low level or remain low on a selected device. 
2. Chip-Select (CS) permitted to change from low to high level or remain low. 
3. Don’t care. 

FIGURE 3. WRITE CYCLE TIMING DIAGRAM 
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Specifications CDP1821C/3 


Data Retention Characteristics 


LIMITS 
TEST 
CONDITIONS -55°C, +25°C 
CHARACTERISTIC SYMBOL 


Minimum Data Retention Voltage 


Voo 
(Note 1) 
so fe 
po [ 


NOTE: 1. 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 


Recovery to Normal Operation Time 


DATA RE TENTION 
MOOE 


0.95 Vop 0.95 Vop 


FIGURE 4. LOW Vpp DATA RETENTION WAVEFORMS AND TIMING DIAGRAM. 


Burn-in Circuit or 
2 
aii = a —© Vag 0 16 22 «5.0 7 7.2 100 us us 
Ao —W 2 15) A10 2 
At 3 | 14) MW Of s 
A2 —W FX) Ss) 
A3 5 | 12 AB 
A4 6 14] AT : 
Vpp/2 ¢ N AG 
Ri 8 | a} AS 
R= 8.2kQ 20% 
Ry = 2kQ. 20% 


A1 - A11 ARE DIVISION BY 2 BASED ON AO. 


PACKAGE TEMPERATURE DURATION 


FIGURE 5. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM. 
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CDP1822 
FARRIS 
a SEMICONDUCTOR CDP1822C 


256-Word x 4-Bit 
February 1992 LSI Static RAM 
Features Description 
¢ Low Operating Current The CDP1822 and CDP1822C are 256-word by 4-bit static 
- Vpp = 5V, Cycle Time fus.......... 2 eee eee 8mA___random-access memories designed for use in memory sys- 
tems where high speed, low operating current, and simplicity 
¢ Industry Standard Pinout in use are desirable. The CDP 1822 features high speed and 
e Two Chip-Select Inputs-Simple Memory Expansion a wide operating voltage range. Both types have separate 


data inputs and outputs and utilize single power supplies of 4 
* Memory Retention for Standby Battery Voltage of 2V ois to 6.5 volts for the CDP1822C and 4 volts to 10.5 volts 
Minimum for the CDP1822. 


* Output-Disable for Common V0 Systems Two Chip-Select inputs are provided to simplify system 


3-State Data Output for Bus-Oriented Systems expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output sys- 
tems. The Output Disable input allows these RAMs to be 
used in common data Input/Output systems by forcing the 
output into a high-impedance state during a write operation 
Ordering Information independent of the Chip-Select input condition. The output 


fen assumes a high-impedance state when the Output Disable is 
TEMPERATURE 
| PACKAGE RANGE : 10V 


at high level or when the chip is deselected by CS1 and/or 
Plastic DIP. | -40°C to +85°C |CDP1822CE |[CDP1822E 


CS2. 
The high noise immunity of the CMOS technology is pre- 

Burn-in CDP1822CEX | CDP1822EX ; Berne : 
| | excellent system noise margin is preserved by using an 

-40°C to +85°C external pull-up resistor at each input. 

: - - hermetic dual-in-line sidebrazed ceramic packages (D suf- 
883B | 55°C to +125°C | CDP1822CD3 Ce fix), in 22-lead dual-in-line plastic packages (E suffix). The 
*Respective specifications are included at the end of this datasheet. _CDP1822C is also available in chip form (H suffix). 


e 


Separate Data Inputs and Outputs 


Ceramic DIP 


served in this design. For TTL interfacing at 5V operation, 
Burn-in |CDP1822CDx | CDP1822Dx_ The CDP1822 and CDP1822C types are supplied in 22-lead 


Pinout 


22 LEAD DIP OPERATIONAL MODES 
TOP VIEW 


| INPUTS 
CHIP | 
SELECT 1 
| OUTPUT 


High Impedance 


Logic 1 = High, Logic0=Low, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 4 074.1 
Copyright © Harris Corporation 1992 fot 


Specifications CDP1822, CDP1822C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 
(All Voltages Referenced to Vsg Terminal) T, = Full Package Temperature Range 
GDP TB 22s sirtaheséoaeesie Ss eet ewe eee —0.5V to +11V (All Package TypeS)............. cece eee eee eee 100mW 
COP T8220. ssid eucie sew aspen ioe esd rare eaeiack —0.5Vto+7V Operating Temperature Range (T,): 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V Package Type D............... cece eee eee —55°C to +125°C 
DC Input Current, Any One Input......................0.. +10mA Package 1Vp6@ Elec. tek ak hiwstenscotewes —40°C to +85°C 
Power Dissipation Per Package (Pp) Storage Temperature Range (Tyg) ....-.--.--- -65°C to +150°C 
= —40°C to +60°C (Package Type E).............. 500mW Lead Temperature (During Soldering): 
Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
12mWPC to 200mw from case for 10S MAX... 6... ce cee eee eee +265°C 
Ta = —55°C to +100°C (Package Type D)............. 500mW 
Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mW/°C to 200mW 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 
[wax [win [wax | uwms 
EC 
a ee 


CHARACTERISTIC 
DC Operating Voltage Range 


SYMBOL 


Input Voltage Range 


Static Electrical Characteristics At T, = -40°C to +85°C, Except as Noted: 
‘CONDITIONS 


LIMITS 


2) 
0 
U0 
om 
co 
nN 
LS) 


~ Ht : 
on = 


CDP1822C 


(Note 1) 
TYP 


(Note 1) | 
TYP 


¥ 
UNITS 


A 


2 
> 


a3 


= Ele = 


Output Low (Sink) 
Current 

| Output High (Source) 

Current 
Output Voltage | Vor a 
| Low-Level 


ee 
ine 
eee 
a 
a 
High-Level a 
0.5, 4.5 | 
0.5, 9.5 
0.5, 9.5 | 
0.5, 9.5 | 
eee 
aes 
te 
bower 
| 5 
wae 
a 


4. 


> 
io) 


tf 
(fe) 


Input Low Voltage Vit 
| input High Voltage Vin 
0.5, 9.5 

Input Leakage Current he 
Operating Current lpp1 
(Note 2) 
3-State Output Leakage | lout 
Current 

Cin 


1. Typical values are for Ty = +25°C and nominal Vpp. 
2. Outputs open circuited; Cycle time = 1ps 


oh 
H# 
on 


3 
> 


+10 


a 


a Oe Da | o|3 
on ont oO | in S/o 


F 


ol 
no] 


15 


Pi 
=8 


no] 
on 


3) 
> 
ox 
O 
= 
lu 
= 
” 
Oo 
= 
O 


CDP1822, CDP1822C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, 
input ty,t¢ = 20 ns, Vip = 0.7 Vop, ViL = 0.3 Vpp, CL = 100 pF 


TEST CONDITIONS LIMITS 


CHARACTERISTIC CDP1822 CDP1822C UNITS 


Read Cycle Times (Fig. 1) 


Read Cycle tac 5 
, 
Access from Address taa 
1 


- 
< 
S 

*% 


Ba 
| on 
oO 


_ 
< 
ad 

* 


0 
5 

0 
5 


Output Valid from 
Chip-Select 1 tooai 10 


Output Valid from 5 
Chip-Select 2 10 


Output Valid from 
Output Disable tooas 10 

Output Hold from 2 

Output Hold from 

Chip-Select 2 


Output Hold from 
Output Disable 


tTime required by a limit device to allow for indicated function 
“Typical values are for Ta = 25°C and nominal Vop 


CHIP SELECT | 
CHIP SELECT 2 


ee i= — a as 


REAOD/WRITE 


DATA OUT DATA CUT 
HIGH VALID HIGH 


IMPEDANCE IMPE DANCE 


Fig. 1 - Read cycle timing waveforms. 
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CDP1822, CDP1822C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = -40 to +85°C, Vpp +5%, 
Input t,,t¢ = 20 ns, Vipyy = 0.7 Vpop, Vit = 0.3 Vpp, Cr = 100 pF 


TEST CONDITIONS LIMITS 
CHARACTERISTIC Vpp CDP1822 CDP1822C UNITS 
(v) [win.? [Typ [| Max. | Min.t | Typ." | Max. | 
Write Cycle Times (Fig. 2) 


5 500 900 
rane i: Se ed ee 
5 200 
ee ? : ie a dee Pe 
Wate Recover : Pare bee Pe 


Input Data 250 ay 
Set-Up Time 150 - = 
Patan Hol ot EE Pt Pee 
Chip-Select 1 Set-Up t@3is ad bal Fee 
5G 
corsuezniy ew | 9 | @{-|-|*[-[-_ 
crpsee tno ew | wy | oP | fo | = | 
cnpsemetzHod tem | ng | oP | = | | = | CE 
ounuoneneserue oe | ag | we | = | = | | = | 


tTime required by a limit device to allow for indicated function 
*Typical values are for Ta = 25°C and nominal Vop 


> 
am 
oO 
= 
= 
AO-A7 
dp) 
S 
tfc — 
ee ee areal wet oes csis tCSIH 
CHIP- SELECT | oO 
| 
CHIP- SELECT 2 
! tcses 1CS2H 
t 
| 
OUTPUT DISABLE 
x | | 
ee “pe ee ‘DH 
DIl- p14 WA aes DATA IN STABLE CLL 
i /, 
seen —t wrw 
READ/ WRITE 
Mt——-~ tas -- 
A, tf, vb, Ae y DON'T CARE 
MD LISI 


*® tops |S REQUIRED FOR COMMON I/0 


OPERATION ONLY, FOR SEPARATE I/0 
OPERATIONS, OUTPUT DISABLE IS DON'T CARE 


Fig 2 - Write cycle timing waveforms. 
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CDP1822, CDP1822C 


DATA RETENTION CHARACTERISTICS at Ta = -40 to +85°C, see Fig. 3 


TEST CONDITIONS LIMITS 
CHARACTERISTIC CDP1822 CDP1822C 


Min Data Retention 

Voltage, 

Data Retention Quiescent 
Current, 

Chip Deselect to Data 
Retention Time, tcpr 
Recovery to Normal 

Operation Time, trc 
Voo to Vor Rise and 

Fall Time 


“Typical values are for T, = 25°C and nominal Vop 


Vop 


tL_o 


DATA RETENTION 
MODE 
VoD 


095 Vop 095 Vpp 


T 


d t 
| ¥ss _ 


VOR 


DATA IN 
DATA OUT 


t t t 

CDR oe f r aaa 'RC WRITE READ 

CS2 BCLODEE Hy ADDRESS 

ViH Vi DECODER 
viry Vit 


Fig. 3 - LOW Vpp ata retention timing waveforms. 


meet 


< 
=) 
o 


Fig. 4 - Memory cell configuration. 
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CDP1822, CDP1822C 


Peo ae EE EE 
4 (5) (32) 
Be INPUT Row 
ALO BUFFERS 
2 AND DECOD- 
a ALL ROWS ERS 
AZO DESELECT 
ye FUNCTION 
| 
| (8x32) 
9 STORAGE 
p12 OU 
DIZ Oe ats 
o4 08 
| BIT (1) BIT (2) BIT (4) 
| 
| (3) (8 
|| INPUT 
AsO 


BUFFERS 
ANO 


ABO ALL COLUMN DECOD- 
*% 7 DESELECT 


FUNCTION 


R/WOS? 
| 
® a 
aes ee a 
cs20 
# 
o00-8 
Vop Voo Vob 
x Vss : Vss a Vgs 
INPUT PROTECTION OUTPUT OVER VOLTAGE 
NETWORK PROTECTION PROTECTION 
CIRCUIT CIRCUIT 


Fig. 5 - Functional block diagram for CDP1822 and CDP1822C. 


A 
CHIP-SELECT 


| 
, a. CONTROL 
cs2 | 
17 


[ee tee eeeues 
[To “controe Bt 
Rew! l 
Soi tT >, 
{_ | {CHIP-SELECT ®& 
Sa RW contro 
ue CONTROL c | 
| .) 
| Ibe 
OUTPUT OUTPUT 
o—8 - 1 ie. DISABLE 
DISABLE | | ROL 
Va es a a ee cee eee aus) 


Fig. 6 - Logic diagram of controls for CDP1822 and CDP1822C. 
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FARRIS 


SEMICONDUCTOR 


CDP1822C/3 


High-Reliability CMOS 
256-Word x 4-Bit LSI Static RAM 


aD 


February 1992 


Features 


e For Applications in Aerospace, Military, and Critical 
Industrial Equipment 


Interfaces Directly with CDP1802 Microprocessor 


Very Low Operating Current 
- At Vpp = 5v and Cycle Time = tps....... 4mA (Typ) 


Static CMOS Silicon-On-Sapphire Circuitry 
- CD4000 Series Compatible 


Industry Standard Pinout 


¢ Two Chip Select Inputs - Simple Memory Expansion 


¢ Memory Retention for Standby............. 2V (Min) 
Battery Voltage 

¢ Single Power Supply Operation.......... 4V to 6.5V 

¢ High Noise Immunity 30% of Vpp......... 4V to 6.5V 


¢ Output Disable for Common VO Systems 


3-State Data Output for Bus Oriented Systems 


e Separate Data Inputs and Outputs 


Latch-Up-Free Transient Radiation Tolerance 


Description 


The CDP1822C/3 is a 256 word by 4 bit random access 
memory designed for use in memory systems where high 
speed, low operating current, and simplicity in use are 
desirable. The CDP 1822 features high speed and excellent 
noise immunity. It has separate data inputs and outputs and 
utilizes a single power supply of 4 to 6.5 volts. 


Two Chip Select inputs simplify system expansion. An output 
Disable control provides Wire-OR-capability and is also 
useful in common Input/Output systems. The Output Disable 
input allows this RAM to be used in common data Input/Out- 
put systems by forcing the output into a high impedance 
state during a write operation independent of the Chip Select 
input condition. The output assumes a high impedance state 
when the Output Disable is at high level or when the chip is 
deselected by CS1 and/or CS2. 


The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5V operation, 
excellent system noise margin is preserved by using an 
external pull-up resistor at each input. 


The CDP1822C/3 is supplied in the 22 lead hermetic dual- 
in-line sidebrazed ceramic package (D Suffix) that meets the 
specifications of MIL-M-38510 Case Outline D-7. 


Pinout 


22 LEAD DIP 
TOP VIEW 


CHIP 
SELECT 1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


OPERATIONAL MODES 
INPUTS 


OUTPUT 
DISABLE 


READ/ 
WRITE 
R/W 


OUTPUT 


High Impedance 


High Impedance 


High Impedance 


Bon oe 
ee EE 
He ae 
px {|X [High impedance 
ee DS oe 


Logic 1 = High, LogicO=Low, X = Don't Care 
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File Number 2981 


Specifications CDP1822C/3 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Storage Temperature Range (Tag) --..--. +--+ —65°C to +150°C 
(All Voltages Referenced to Vss Terminal) Lead Temperature (During Soldering): 
GOP TBO AGIOS ted ierine ys ee travaere a aes ete RS —0.5V to +7V At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
Input Voltage Range, All inputs ............. —0.5V to Vpp +0.5V trom: Case {Of TOS:MAK. hs. Ss eee dnd Weegee eas +265°C 
Operating Temperature Range (T,) ..........-- —55°C to +125°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


Static Electrical Characteristics 


CONDITIONS 


CHARACTERISTIC 


LIMITS 
TEMP. -55°C, 
+25°C TEMP. +125°C 
UNITS 


—s 


os 
aD 
s 


Input Low Voltage Vit 
Input High Voitage 
Input Leakage Current (Note 1) 


I+- 
ow 
(ye) 


© 
I+ 
slalslels} (el -felal.[g 
NY} |e oS 


> 
ao 
Oo 
= 
Lu 
= 
” 
O 
= 
oO 


od 
ae 
| 48 | 
heel 
id ik 
[05,45 | 
05,45 | 
ae 
=a 
_O8 
eae 
eed 


1. Limits designate 100% testing, all other limits are designer's parameters under given test ocnditions and do not represent 100% testing. 
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CDP1822C/3 


Read Cycle Dynamic Electrical Characteristics t, t, = 10ns, C, = 50pF 
LIMITS 


CHARACTERISTIC 


Output Hold from Output Disable 


NOTE: 
1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing 


ee ae 
Secew aioe 
SELECT 1 Ne 

tpoH2 

CHIP fos tpoa2" t 
SELECT 2 | | 
ee ne nn te 

BEAD/ 

WRITE | 

DATA OUT 


DATA OUT 
HIGH VALID HIGH 
IMPEDANCE IMPEDANCE 


READ 
ADDRESS 
DECODER 


DATA IN 
<— 
DATA OUT 


Vop 


* Minimum timing for valid data output. Longer times will initiate an earlier but 
invalid output. 


FIGURE 2. READ CYCLE WAVEFORMS AND TIMING DIAGRAM FIGURE 3. MEMORY CELL CONFIGURATION 
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CDP1822C/3 


Write Cycle Dynamic Electrical Characteristics t, t= 10ns, C, = 50pF 


CHARACTERISTIC 


Write Cycle (Note 1) 


NOTE: 


wc 
Tay 
CHIP-SELECT | -, 
CHIP-SELECT 2 f ees en = 
OUTPUT DISABLE 
ae ee 'oIH 


READ/ WRITE 


fas 


“tops is required for common I/O operation only; for separate I/O operations, output disable is don’t care. 


FIGURE 4. WRITE CYCLE TIMING WAVEFORMS 


> 
ia 
e) 
= 
Lu 
= 
no 
O 
= 
O 


CDP1822C/3 


Data Retention Characteristics 


TEST 
CONDITIONS LIMITS 
CHARACTERISTIC SYMBOL 


Minimum Data Retention Voltage 
(Note 1) 


Data Retention Quiescent Current 
(Note 1) 


Chip Deselect to Data Retention Time 


Recovery to Normal Operation Time 


NOTE: 


1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 


DATA RE TENTION 
MODE 


095 Vop 


FIGURE 5. LOW Vpp DATA RETENTION TIMING WAVEFORMS 


PACKAGE TEMPERATURE DURATION Voo 0 16 2.2 5.0 6.8 7.2 10.0 us 
160 hrs 7 VOLTS 
25"e ol 1 Yoo 
| 
: ! 
| 1 | o 
1 | | Voo 
sa! | sd 0 


o DODn owt FS ND = 


R=2kN+20% 


FIGURE 6. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM 


6-20 


CDP1823 
CDP1823C 


SEMICONDUCTOR 


ta] FARRIS 


128-Word x 8-Bit 
March 1992 LSI Static RAM 
Features Description 
e Fast Access Time The CDP1823 and CDP1823C are 128-word by 8-bit CMOS 
SM pie SV ioc ied ose eenwiearcesak aes 450ns_ SOS static random-access memories. These memories are . 
BMA NOV done udi ewe sent becdceskueetes: 250ns Compatible with general-purpose microprocessors. The two 


memories are functionally identical. They differ in that the 
CDP1823 has a recommended operating voltage range of 4 
volts to 10.5 volts, and the CDP1823C has a recommended 
operating voltage range of 4 volts to 6.5 volts. 


¢ Common Data Inputs and Outputs 


e Multiple Chip Select Inputs to Simplify Memory 
System Expansion 


The CDP1823 memory has 8 common data input and data 
output terminals for direct connection to a bidirectional data 
bus and is operated from a single voltage supply. Five chip- 
select iriputs are provided to simplify memory-system expan- 
sion. In order to enable the CDP1823, the chip-select inputs 
CS2, CS3 and CS5 require a low input signal, and the chip- 
select inputs CS1 and CS4 require a high input signal. 


Ordering Information 


Plastic DIP 


-40°C to +85°C | CDP1823CE CDP1823E 
CDP1823CEX | CDP1823EX 


Burn-in 


Ceramic DIP 


-40°C to +85°C | CDP1823CD CDP1823D 
Burn-in CDP1823CDX fos | 


*883B -55°C to CDP1823CD3 
+125°C 


“Respective specifications are included at the end of this datasheet. 


Pinout 


24 LEAD DIP 
TOP VIEW 


BUS 0 {1 | 
BUS 1 [2 Read X Storage State of 
3 aaa a 
= ool Baka el el Bol Be Ine 
pus 4 [5 ance 
=f =e 
BUS 6 (Active) 
BUS 7 [8 

csi [9] 

CS2 [10 

Cs3 [11] 


Vsg [12 


BUS TERMINAL 
FUNCTION CS3 STATE 


The MRD signal enables all 8 output drivers when in the low 
state and should be in a high state during a write cycle. 


After valid data appear at the output, the address inputs may 
be changed immediately. Output data will be valid until either 
the MRD signal goes high, the device is deselected, or tan 
(access time) after address changes. 


The CDP1823 and CDP 1823C types are supplied in 24-lead 
dual-in-line ceramic packages (D suffix), and in 24-lead dual- 
in-line plastic packages (E suffix). 


OPERATIONAL MODES 


Logic 1 = High, Logic 0=Low, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


6-21 


File Number 1198.1 


CMOS MEMORY 


Specifications CDP1823, CDP1823C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Storage Temperature Range (Tyg) ....--- +--+. -~65°C to +150°C 
(All Voltages Referenced to Vsg Terminal) Lead Temperature (During Soldering): 
COPIG28 3 4 oi ocre aa Grid ane eee eae as -0.5V to +11V At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
CORTG2 SC: 2 cio deGSutniesad ooh ek hanes —0.5V to +7V from case for 10S MAX... 2... cece ee ee eee +265°C 
Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V 
DC Input Current, Any One Input............. 22. c ee ee eee +10mA 
Operating Temperature Range (T,): 
Package TVpe Desa sasciccsaunnuoss oan —55°C to +125°C 
Package Type Eo... . sc ccc ce cen cescencenes —40°C to +85°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 


should be selected so that operation is always within the following ranges: 
CHARACTERISTIC 


CDP1823D CDP1823CD 
Supply Voltage Range | 65 | Vv 


Recommended Input Voltage Range 


Oo 
Oo 


Vss Vss 


Static Electrical Characteristics At T, = -40°C to +85°C, Except as Noted: 


CONDITIONS 
SYMBOL 


Quiescent Device 
Current 
Output Low (Sink) 
Current 
Output High (Source) 
Current 
nt 


LIMITS 


CDP1823 CDP1823C 


< 


om 
So 
z 
2 
@® 
_ 


4 
ele] feted ttl fetetetelteletel ‘ 
U 


CHARACTERISTIC UNITS 


=r 
> 


tb 
on 
3|> 


> 


0.4 
4.6 


m 


&~S 
Z-S 


lot 

Output Voltage VoL 
Low-Level 

Output Voitage Vou 
High-Level 

Vit 

Vin 


So 


—_ 
4 = 3 


ui 
ur 
ut 
ur 
ut 
ur 


Input Low Voltage G2 0.5, 4.5 

Input High Voltage Ls 

Input Leakage Current Any 
Input 

Operating Current 

(Note 2) 

3-State Output Leakage lout 

Curre 


Input Capacitance 
Output Capacitance 


NOTES: 
1. Typical values are for T, = +25°C and nominal Vpp. 
2. Outputs open circuited; Cycle time = 1s. 


H 
_ 
© 
+ 
o 


~—h — < 
3g 
BS =| © 


+10 
7.5 


= 
> 


7.5 


= = 3 3 = 
laf [5}3lat5|5|<1-|</-{-|-{asfafais]§ 


: + 
am 
: Ht 
on 


Tn 


p 
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CDP1823, CDP1823C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40to + 85°C, Vpp + 5%, 
tr,t¢ = 20 ns, C_ = 100 pF. 


LIMITS 
CHARACTERISTIC 


Read Cycle (See Fig. 1) 


Data Hold Time 
After Read, tbDOH 


“Typical values are at Ta = 25°C and nominal voltage. 
tTime required by a limit device to allow for the indicated function. 


ig Tan 
— tam 
MRD 
CS2,CS3 ,CS5 
CSI,CS4 \ 


TDOH 
90 % 


NOTE : MWR IS HIGH DURING READ OPERATION 
TIMING MEASUREMENT REFERENCE IS 0-5 Vpp;: 


Fig, 1 - Read cycle timing diagram 
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CMOS MEMORY 


CDP1823, CDP1823C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 40 to + 85°C, Vpp + 5%, 
tr,t¢ = 20 ns, C_ = 100 pF. 
LIMITS 
CHARACTERISTIC 


Write Cycle (See Fig. 2) 


Write Recovery, tWR 
Write Cycle, twc 


Write Pulse 
Address 

Data 

Setup Time, tDS 


Data Hold Time 


From MWR, tpH 


*Typical values are at Ta = 25°C and nominal voltage. 
tTime required by a limit device to allow for the indicated function. 


ADDRESS 
CSI ,CS4 
€S2 ,CS3 ,CS5 


BUS 0-7 


NOTE . MRD MUST BE HIGH DURING WRITE OPERATION 


Fig. 2 - Write cycle timing diagram. 
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CDP1823, CDP1823C 


DATA RETENTION CHARACTERISTICS at T, = -40 to +85°C; see Fig. 3 


LIMITS 
CDP 1823 CDP1823C _—*|| UNITS 
mn. | ry." | Max 
wae 


CHARACTERISTIC 


Typ." 
Min. Data Retention 1.5 
Voltage, Vor ai = 
Data Retention Quiescent | 2 30 
cute | | | | 
Chip Deselect to Data 5 600 
Retention Time, tcor im Patel oc} 


— 
on 


Recovery to Normal 
Operation Time, _ trac 

Vop to Vor Rise and 

Fall Time 


“Typical values are for Ta = 25°C and nominal Vopp. 


DATA RETENTION 
MODE 
Vop 
095 Vop 095 Vpp 
-_ tre 
VIH 


ae 


Fig 3 - Low Vop data retention timing waveforms 


BUFFER 


> 
ng 
fe) 
= 
Wu 
a 
” 
2°) 
= 
) 


AND 
DECODER 


Functional Diagram 


Fig. 4 - Functional diagram 
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CDP1823, CDP1823C 


CPU/ROM SYSTEM RAM INTERFACE RAM SYSTEM 


ADDRESS 


ee 
oe fee eee ee 


MAO -MA6 


cs 
BU 


SO~ BUS7 


BUSO- BUS7 


CPU ROM | 
CDPI802 CDPI833 | | CDPI823 


Fig. 5 - CDP1823 (128 x 8) minimum system (128 x 8) 
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a 


FARRIS 


SEMICONDUCTOR 


February 1992 


Features 


For Applications in Aerospace, Military, and Critical 
industrial Equipment 


Compatible with CDP1800-Series Microprocessors at 
Maximum Speed 


Interfaces with CDP1800-Series Microprocessors 
without Additional Components 


Fast Access Time 
~ At Vop = 5V, $25 Cc ecseueuead alae eee 275ns 


Single Voltage Supply 
Common Data Inputs and Outputs 


Multiple Chip Select Inputs to Simplify Memory 
System Expansion 


High Noise immunity.................. 30% of VDD 


Memory Retention for Standby Battery Voltage Down 
to 2V at 25°C 


Latch-Up-Free Transient Radiation Tolerance 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


24 LEAD DIP 
TOP VIEW 


BUS 0 [1 
BUS 1 {2| 
BUS 2 [3 
Bus 3 [4] 
BUS 4 [5 | 
BUS 5 [6| 
BUS 6 
BUS 7 [8 | 
csi [9] 
CS2 10) 
GS3 [11 
Vss 12 | 


}Standby 


Not 
Selected 


CDP1823C/3 


High-Reliability CMOS 
128-Word x 8-Bit Static RAM 


BUS TERMINAL 
FUNCTION CS2 STATE 
Read X Storage State of 

Addressed Word 
Write Input High 

Ee 


x KKK OK 


Description 


The CDP1823C/3 is a 128 word x 8 bit CMOS/SOS static 
random access memory. It is compatible with the CDP 1802, 
CDP1804, CDP1805, and CDP1806 microprocessors, and 
will interface directly without additional components. The 
CDP1823C has a recommended operating voltage range of 
4 to 6.5 volts. 


The CDP1823C memory has 8 common data input and data 
output terminals for direct connection to a bidirectional data 
bus and is operated from a single voltage supply. Five chip 
select inputs are provided to simplify memory system 
expansion. In order to enable the CDP1823C, the chip select 
inputs CS2, CS3, and CS5 require a low input signal, and 
the chip select inputs CS1 and CS4 require a high input 
signal. 


The MRD signal enables all 8 output drivers when in the low 
state and should be in a high state during a write cycle. 


After valid data appear at the output, the address inputs may 
be changed immediately. Output data will be valid until either 
the MRD signal goes high, the device is deselected, or tan 
(access time) after address changes. 


The CDP1823C/3 is supplied in hermetic 24 lead dual-in-line 
sidebrazed ceramic packages (D suffix) that meet the 
specifications of Mil-M-38510 Case Outline D3. 


Operational Modes 


| 0. | High impedance impedance 


High Impedance 


Logic 1 = High, LogicO=Low, X = Don't Care 
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File Number 2982 


CMOS MEMORY 


Specifications CDP1823C/3 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Operating Temperature Range (T,)............ —55°C to +125°C 
(All Voltages Referenced to Vsg Terminal) Storage Temperature Range (Tsig)....-------- ~65°C to +150°C 
COR 1626/3 aie baS ote aistetiaerenatoes ~—0.5V to+7V Lead Temperature (During Soldering): 

Input Voltage Range, All Inputs ............. —0.5V to Vpp +0.5V At distance 1/16 +1/32 In. (1.59 + 0.79mm) 

DC Input Current, Any Onelnput................ 0. cece eee +10mA from case for 10S Max... 0.2... ccc eee +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


Recommended Input Voltage Range 


CHARACTERISTIC 


Static Electrical Characteristics Vp, =5V+5% 


SYMBOL 


CONDITIONS 


LIMITS 
Vv -55°C, +25°C 
DO 
(V) (vy) | () 7 MIN | 


a 
z 


CHARACTERISTIC 
Quiescent Device Current (Note 1) 
Output Low (Sink) Current (Note 1) 
Output High (Source) Current (Note 1) 
Output Voltage Low-Level 
Output Voltage High-Level 


lou 
Vou 
Vou 
Input Low Voltage Vit 
Input High Voltage Vin 
input Leakage Current (Note 1) 
Operating Current (Note 1) 
3-State Output Leakage Current 
Input Capacitance Cin 
Output Capacitance 
NOTE: 


1. Limits designate 100% testing, all other limits are designer's parameters under given test conditions and do not represent 100% testing. 


a 

-_ 
= 

> 


lout 


& 
a 2 O16 2 
< 
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CDP1823C/3 


Read Cycle Dynamic Electrical Characteristics t, t = 10ns, C, = 50pF 


puts 
er sll 
VDD 
CHARACTERISTIC sywso. |‘ Se cy ae uns 


aoe Cee er eS ee 


en 


NOTE: 
1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing 


ADDRESS 


wm j TTT 
ESe 53.55 ee MEL L 
soni vee ne 
CS! ,CS4 iy WAY 


HIGH IMPEDANCE 


CMOS MEMORY 


“Minimum timing for valid data output. Longer times will initiate an earlier but invalid output 


NOTE: MWR is high during read opration. Timing measurement reference is 0.5Vpp. 


FIGURE 1. READ CYCLE TIMING DIAGRAM 
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CDP1823C/3 


Write Cycle Dynamic Electrical Characteristics t, t,= 10ns, a Seneca = 50pF 


+25°C, | 425°C, -55°C a ae 
Vop — 2) (NOTE 2) 
CHARACTERISTIC SYMBOL (V) MIN MIN UNITS 


Write Cycle 


NOTE: 
1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing 
2. Minimum timing to allow the indicated function to occur. 


'wo 
1 aS 


se SE es 
— Lt Tn 


Tos 
VALID DATA 


BUS 0-7 


SOOO 


NOTE: MRD must be high during write operation 


AUN 


FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 


6-30 


CDP1823C/3 


Data Retention Characteristics 


CHARACTERISTIC 


Minimum Data Retention Voltage 


(Note 1) 


Recovery to Normal Operation Time 


NOTE: 


TEST 
CONDITIONS 
Vor Vop 
SYMBOL (V) (V) 


LIMITS 


1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing 


DATA RETENTION 
MODE 


Voo 


095 Voo 095 Voop 


FIGURE 3. LOW Vpp DATA RETENTION WAVEFORMS 


PACKAGE TEMPERATURE 
D 125°C 


TIME 
160 hrs 


Von. 
7V 


VoD 
AO 
Al 


Al5 


A2 
A3 
A4 
AS 
A6 
O1 
AT 
AB 
rX:) 


Al4 


Al3 


> 
o 
oO 
= 
Lu 
= 
w” 
Oo 
= 
O 


Al-All ARE DIVISION BY 2 BASED ON AO. 


FIGURE 4. DYNAMIC/OPERATING BURN-IN CIRCUIT AND 
TIMING DIAGRAM 
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CDP1824 
CDP1824C 


32-Word x 8-Bit 
Static RAM 


FARRIS 


SEMICONDUCTOR 


tt 


February 1992 


Features Description 


The CDP 1824 and CDP1824C are 32-word x 8-bit fully static 
CMOS random-access memories for use in CDP-1800 
series microprocessor systems. These parts are compatible 
with the CDP1802 microprocessor and will interface directly 
without additional components. 


e Fast Access Time 
- Vop BO Geis oa he creas ae bee aa aiid wh esa bea 710ns 
- Vop OV oso oie Set oaew ke seaweeeet 320ns 


¢ No Precharge or Clock Required 


The CDP 1824 is fully decoded and does not require a pre- 
charge or clocking signal for proper operation. It has 
common input and output and is operated from a single 
voltage supply. The MRD signal (output disable control) 
enables the three-state output drivers, and overrides the 
MWR signal. A CS input is provided for memory expansion. 


The CDP1824C is functionally identical to the CDP1824. 


Ordering Information 


Plastic DIP 


corveascox | 


Burn-in 
Ceramic DIP 


Burn-in 


The CDP1824 has an operating range of 4 volts to 10.5 
volts, and the CDP1824C has an operating voltage range of 
4 volts to 6.5 volts. The CDP 1824 and CDP1824C are 
supplied in 18 lead hermetic dual-in-line ceramic packages 
(D suffix), and in 18 lead dual-in-line plastic packages (E 


“55°C to suffix). 


+125°C 


*883B 


CDP1824CD3 =| CDP1824D3 


“Respective specifications are included at the end of this datasheet. 


Pinout 


18 LEAD DIP 
TOP VIEW 


OPERATIONAL MODES 


Truncrion |S [Wao [mwa | OATAPRSSTATUS 
a 
[wa [ 0 | + | 0 [rm ouputOoavea 
[nersomciee | 1 | x |X | Oupu Oates High impotence Salo _ 
[sanity [0 | + | + [oupu Dade High mpodarce Sale 


Logic 1 = High, Logic 0 =Low, X = Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 1103.1 
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Specifications CDP1824, CDP1824C 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 
(All Voltages Referenced to Vsg Terminal) 


COP1TE242 soos yaw. ois Gate ed es pe Canes -0.5V to +11V 

COPIG24C. ace cheese hota cease ones uae -0.5V to +7V 
input Voltage Range, Allinputs ............. —0.5V to Vop +0.5V 
DC Input Current, Any One Input................. 2.0 c eee +10mA 
Operating Temperature Range (T,): 

Package Type D ............ cc eee e eee ees -55°C to +125°C 

Package Type EE ...... cece cece cee tees ~40°C to +85°C 


Storage Temperature Range (Ty) ....-------- -65°C to +150°C 
Lead Temperature (During Soldering): 

At distance 1/16 +1/32 In. (1.59 + 0.79mm) 

from case for 10S MAX... . 16. cece cee eee eee +265°C 


Recommended Operating Conditions tT, = Full Package Temperature Range.For maximum reliability, operating conditions 


should be selected so that operation is always within the following ranges: 


CONDITION 


CHARACTERISTIC 


Von (V) 
Supply Voltage Range 
Recommended input Voltage Range 


Input Signal Rise or Fall Time (Note 1) 
tr, ty 


NOTE: 


LIMITS 


1. Input signal rise or fall times longer than these maxima can cause loss of stored data in either the selected or deselected mode. 


Static Electrical Characteristics At T, = -40°C to +85°C, Except as Noted: 


CONDITIONS 


Output Voltage 
Low-Level 


Vo 
Vou 


© 


o 


Operating Current 
(Note 2) 


3-State Output Leakage 
Current 


wh 


V) 
ae 
Ea tO 
Eee 
pad 
Ese 
ae 
Eee! 
Ete 
Le aeeal 
need 
Eee 
Le 
ape 
ae 
ee 
faces) 
pace 
ae 
aay 


NOTES: 
1. Typical values are for Ty = +25°C and nominal Vop. 
2. Outputs open circuited; Cycle time = ips. 


: 
Oo 
me) 
_ 
oe 
N 
& 


LIMITS 


CDP1824C 


(Note 1) 


—_— 


NT BTR H 7 


UNITS 


ins af 


e 
=_ 


log 
oO 


ins ‘ Ce | 
io = - x 


+ 
N 
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CDP1824, CDP1824C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C, Vpp +5%, 
Input t,, ts = 10 ns, C; = 50 pF, Ry = 200 k{2; See Fig. 1. 
LIMITS 
TEST 
CHARACTERISTIC CONDITIONS 


VDD 
(V) 


Read Operation 


Access Time From 
Address Change, tan 


= Time required by a limit device to allow for the indicated function 
@ Time required by a typical device to allow for the indicated function Typical values are for 
ce) 
Ta = 25 Cand nominal Vpp 


A 
/-—_- tam 


MRO 
/+—— taa 
MA 
cs 
+t non” 4 MINIMUM TIMING FOR 
P DOA VALID DATA OUTPUT 
ATA OUT LONGER TIMES WILL 
HIGH IMPEDANCE INITIATE AN EARLIER, 


BUT INVALID OUTPUT 
READ OPERATION TIMING DIAGRAM 


Fig 1 - Read cycle timing diagram. 


Note: 

The dynamic characteristics and timing dta- ine Sat 

grams indicate maximum performance capa- AS" lc 

bility of the CDP1824. When used directly tpH = 1.0 te. Data transfers from 
with the CDP1802 microprocessor, timing tps =5.5t. CDP1802 to memory 
will be determined by the clock frequency MRD occurs one clock period (t,) earlier 
and internal delays of the microprocessor. than the address bits MAO-MA7. C 

The following general timing relationships 1 

will hold when the CDP1824 1s used with the where ty = 


CDP1802 clock frequency 


t a5 The CDP1824 is capable of operating at the 
WwW c maximum clock frequency of the CDP1802 
taH = 1.0t, microprocessor. 


CDP1802 microprocessor. 


CDP1824, CDP1824C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = —40 to +85°C, Vpp 15%, 
Input t,, te = 10 ns, C; = 50 pF, Ry = 200 kQ2; See Fig. 2. 


LIMITS 


TEST 
CHARACTERISTIC BonbiTiONe ee al aia 
vee CDP1824E : 


(v) in. min.#| Typ.©| Max.| 


Write Operation 


Data Setup 
Time, tos 


35 


5 425 
10 215 
Address Setup 5 


Time, tas 10 


= Time required by a limit device to allow for the indicated function 
@ Time required by a typical device to allow for the indicated function Typical values are for 
oO 
Ta = 25 Cand nominal Vpp 


MA 
per ins ————+| 
cs 
tcs —- 
ae TwRw |= 
MWR 
tos ‘oH 
BUS > 
x 
WRITE OPERATION TIMING DIAGRAM 2 
Lu 
= 
2] 
Fig 2 - Write cycle timing diagram 2 
O 
DATA RETENTION 
MODE 
Vop 095 Vop 0 95 Vop 


ial iff>lps 


Fig 3 - LOW Vopp Gata retention waveforms and timing diagram 
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CDP1824, CDP1824C 


DATA RETENTION CHARACTERISTICS at T, = —40 to +85°C; See Fig. 3. 


TEST CONDITIONS 
; CDP1824 | CDP1824C 
DD 
(Vv) 


UNITS 
Ser 
ounceronverom von |_| - [8] - | 25] —_ 


Data Retention Quiescent 

Current, Ippo VpoR=2.5V 10 40 yA 
Chip Deselect to Data 600 

perenne JIMen “CDR esac aes ie tae be 
Recovery to Normal 7 5 600 


CHARACTERISTIC 


CPU/ ROM SYSTEM RAM SYSTEM 


ADDRESS 


MAO ~MA6 


BUSO- BUS7 
BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 3 2 +t O 


FUNCTIONAL DIAGRAM 


Fig 4 - Functional diagram. 
CPU ROM. na 
CDP1802 CDPI833 CDI824 


Fig 5 - CDP1824 (128 x 8) minimum system (128 x 8) 
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a a CDP1824/3 
rewioenmueron CDP1824C/3 


High-Reliability CMOS 32-Word x 8 Bit 


February 1992 Static Random-Access Memory 
Features Description 
e Access Time: The CDP1824/3 and CDP 1824C/3 types are high-reliability CMOS 32-word x 8 bit 
GIONS eiincsy cess vaws @ Vop = 5V fully static random-access memories for use in CDP1800-series microprocessor 
S2Z0NS sa widavradae sao @Vpp = 10V systems. These parts are compatible with the CDP1802 microprocessor and will 


* No Precharge or Clock Required interface directly without additional components. 


The CDP 1824/3 is fully decoded and does not require a precharge or clocking 
signal for proper operation. It has common input and output and is operated from 
a single voltage supply. The MRD signal (output disable control) enables the 
three-state output drivers, and overrides the MWR signal. A CS input is provided 
for memory expansion. 


The CDP1824C/3 is functionally identical to the CDP1824/3. The CDP 1824/3 has 
a recommended operating voltage range of 4 to 10.5 volts, and the CDP1824C/3 
has an operating voltage range of 4 to 6.5 volts. 


The CDP1824/3 and CDP1824C/3 are supplied in 18-lead, dual-in-line 
sidebrazed ceramic packages (D suffix) that conform to the requirements and 
dimensions specified in MIL-M-38510 Case Outline D-6. 


Pinout Funtional Diagram 
18 LEAD DIP 
TOP VIEW mang 
MA4 [1 
MA3 | 2. MWR MA2 
MA2 [3| 


ADORESS 
DECODER 


MA O 
MA1 | 4| 
mao [5] > 
BUS7 ve 
SENSE Oo 
BUSG6 AMPL = 
Buss [38] = 
Vss [2 Pye Se ~ 
—_. 17 16 an 
MWR MRD = 
© 
I/O BUFFERS 
Cs 
: 64 7% Bf 104 14 124 134 14 ” 
Vpp7'8 
Vg5*9 


BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 3 2 !] 0 


OPERATIONAL MODES 


Logic 1= High LogicO=Low X= Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 717 1 
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Specifications CDP1824/3, CDP1824C/3 


Absolute Maximum Ratings 


OC Supply Voltage Range, (Vpp) 
(All Voltages Referenced to Vgg Terminal) 


COP1B24 Ss ia ertanere hese ax beedern e's ~0.5V to +11V 
COP1824C/3 6666.05 4G ee wr eee coin ci We wees -0.5 to +7V 
Input Voltage Range, All Inputs ............. —0.5V to Vop +0.5V 
DC Input Current, Any One Input.............. 0. ee eee eee +10mA 

Power Dissipation Per Package (Pp) 
Ty BSC 10 +100°C... cect cece esseenseeness 500mWw 
Ta = +100°C to +125°C. cc eee eee eee Derate Linearly at 
12mW/C to 200mW 


Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package TVP0S) iiss aeetes iii nas waween eas 100mW 
Operating Temperature Range (T,) 

Package Type D.. 1... cece cece eee enone —55°C to +125°C 
Storage Temperature Range (Tyg) ...--------- -65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... ... cece ce cee eee enes +265°C 


Recommended Operating Conditions T, = Full Package-Temperature Range. For maximum reliability, nominal operating con- 
ditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 
Input Voltage Range 


Static Electrical Characteristics 


ar 
SYMBOL (V) (Vv) 


CHARACTERISTIC 


Quiescent Device Current 
(Note 1) 


Output Voltage Low-Level 
(Note 2) 


Output Voltage High-Level Vou 
(Note 2) 

Input Low Voltage as 
Input High Voltage pm pee 
Output Low Drive (Sink) lot 
Current 


Vo 


3-State Output Leakage 
Current 


1. The CDP 1824C/3 meets all 5 volt Static Electrical Characteristics 


of the CDP 1824/3 except Quiescent Device Current for which 
the limits are Ipp = 200A at +25°C/-55°C; Ipp = 1000pA at 


+125°C. 


CONDITIONS LIMITS 


< 
Bf 


LIMITS 
CDP1824/3 CDP1824C/3 


| MIN | Max 
oes me ee. 
| Vss_ | Yoo 


Vss Vv 


+125°C 


-55°C, +25°C 
ee 
4.8 
7 7 


10 
-0.75 


> 


m 


onk, 


2. Guaranteed, but not tested. 
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Specifications CDP1824/3, CDP1824C/3 


Read Cycle Dynamic Electrical Characteristics input t, t;< 15ns, C, = 50pF 


TEST 
CONDITIONS 
CHARACTERISTIC SYMBOL 


Access Time From Address Change 
1 


0 
10 


Output Active From MRD 


Access Time From Chip Select 


MRO 
/-—— taa 
MA [a> eae 
cs 
A 
Lt A MINIMUM TIMING FOR 
DOA VALIO DATA OUTPUT 
DATA OUT LONGER TIMES WILL 
HIGH IMPEDANCE INITIATE AN EARLIER, 


BUT INVALID OUTPUT 


READ CYCLE TIMING DIAGRAM 


> 
fa 
Oo 
= 
Lu 
= 
” 
O 
= 
O 
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Specifications CDP1824/3, CDP1824C/3 


Write Cycle Dynamic Electrical Characteristics Input t, t;< 15ns, C, = 50pF 


LIMITS 
TEST 
CONDITIONS -55°C, +25°C 
(Note 1) 
CHARACTERISTIC SYMBOL MIN 


Write Pulse Width 


= 
© 


Data Setup Time 


Chip Select Setup Time 


on 
nn 
io) 


Address Setup Time 


o 
i=] 
~J 
oS 


Data Hold Time a 


NOTE: 1. Time required by a device to allow for the indicated function. 


MA 


eter twRw j= 
MWR 


BUS 


WRITE CYCLE TIMING DIAGRAM 
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Specifications CDP1824/3, CDP1824C/3 


Data Retention Characteristics At T, = +25°C 


TEST 
CONDITIONS 


DATA RETENTION 
MODE 


0.95 Vop 0.95 Vop 


ete »tf>lus 


LOW Vpp DATA RETENTION WAVEFORMS AND TIMING DIAGRAM 


Static Burn-in Circuit 


TEMPERATURE TIME 
CDP1824 +125°C 160 Hrs., Min. 
CDP1824C +125°C 160 Hrs., Min. 


© Vop 


> 
co 
Oo 
= 
Lu 
= 
n” 
2) 
= 
O 


i 


Hitt 


Lu 


HT 


Vss Vss 
All Resistors 47kQ (+20%) 


6-41 


FIARRIS 


SEMICONDUCTOR 


CDP1826C 


CMOS 64-Word x 8-Bit 
Static RAM 


aD 


February 1992 


Features 


e Ideal for Small, Low-Power RAM 
Memory Requirements in Micropro- 
cessor and Microcomputer Applica- 
tions 


e interfaces with CDP1800-Series 
Microprocessors Without Additional 
Address Decoding 


e Daisy Chain Feature to Further 
Reduce External Decoding Needs 


e Multiple Chip-Select Inputs for Versa- 
tility 

e Single Voltage Supply 

¢ No Clock or Precharge Required 


Ordering Information 


TEMP. 
PACKAGE RANGE | ORDER CODE 


Plastic DIP DIP -40°C to ICDP1826CE | 


0, 
oe ——— 


Ceramic eae 


Pinout 
22 LEAD DIP 
TOP VIEW 


Description 


The CDP1826C is a general purpose, fully static, 64-word x 8-bit random-access mem- 
ory, for use in CDP1800-series or other microprocessor systems where minimum compo- 
nent count and/or price performance and simplicity in use are desirable. 


The CDP1826C has 8 common data input and data-output terminals with 3-state capa- 
bility for direct connection to a standard bidirectional data bus. Two chip-select inputs - 
CS1 and CS2 - are provided to simplify memory-system expansion. An additional select 
pin, CS/A5, is provided to enable the CDP1826C to be selected directly from the 
CDP1800 multiplexed address bus without additional latching or decoding. In an 1800 
system, the CS/A5 pin can be tied to any MA address line from the CDP 1800 processor. 
A TPA input is provided to latch the high-order bit of this address line as a chip-select for 
the CDP1826C. If this CS/A5 input is latched high, and if CS = 1 and CS2 = 0 at the 
appropriate time in the memory cycle, the CDP1826C will be enabled for writing or read- 
ing. In a non-1800 system, the TPA pin can be tied high, and the CS/A5 pin can be used 
as a normal address input. 


The six input-address buffers are gated with the chip-select function to reduce standby 
current when the device is deselected, as well as to provide for a simplified power down 
mode by reducing address buffer sensitivity to long fall times from address drivers which 
are being powered down. 


Two memory control signals, MRD and MWR, are provided for reading from the writing to 
the CDP1826C. The logic is designed so that MWR overrides MRD, allowing the chip to 
be controlled from a single RW. 


A CHIP ENABLE OUTPUT is provided for daisy-chaining to additional memories or I/O 
devices. This output is high whenever the chip-select function selects the CDP1826C, 
which deselects any other chip which has its CS input connected to the CDP1826C CEO 
output. The connected chip is selected when the CDP 1826C is de-selected and the MRD 
input is low. Thus, the CEO is only active for a read cycle and can be set up so that a 
CEO of another device can feed the MRD of the CDP1826C, which in turn selects a third 
chip in the daisy chain. 


The CDP1826C has a recommended operating voltage of 4.5V to 5.5V and is supplied in 
22 lead hermetic dual-in-line sidebrazed ceramic packages (D suffix), in 22 lead dual-in- 
line plastic packages (E suffix). The CDP 1826C is also available in chip form (H suffix). 


CLEAR WAIT 


AODR BUS 


< ADDR BUS_| 
Para 


 §-BIT BIDIRECTIONAL DATA BUS 


Fig. 1 - Typical CDP 1802 microprocessor system 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 1311.1 
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Specifications CDP1826C 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 
(All Voltages Referenced to Vss Terminal) 


GCOR18266 occ ot Sane sea le Paver ewe eee the —0.5V to +7V 
Input Voltage Range, All Inputs ............. —0.5V to Vopp +0.5V 
DC Input Current, Any One Input....................0008: +10mA 
Power Dissipation Per Package (Pp) 

Ta = —40°C to +60°C (Package Type E).............. 500mWw 

T, = +60°C to +85°C (Package Type E)...... Derate Linearly at 

12mWPC to 200mW 
Ty, = —55°C to +100°C (Package Type D)............. 500mW 

Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 

12mW/°C to 200mW 


Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package Typ@S)....... 2.0... cece cece eee eee eens 100mW 
Operating Temperature Range (T,): 

Package Type D............. cee eee eee —55°C to +125°C 

Package Type E....... cece eee eee —40°C to +85°C 
Storage Temperature Range (Tyg) ......------ —65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MaX.... 2... eee eee eens +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


DC Operating Voltage Range 


Input Voltage Range 
| 


nput Signal Rise or Fall Time, Vpp = 5V 


Static Electrical Characteristics At T, = -40°C to +85°C, Vpp = 5V + 5%, Except as Noted: 


= CONDITIONS LIMITS 


CHARACTERISTIC 
Quiescent Device Current 
Output Low (Sink) Current 


QO} w 
mic 
O|M 


Output High (Source) Current | BUS 


Q 
m 
O 


Output Voltage Low-Level 
Output Voltage High-Level 
Input Low Voltage 
Input High Voltage 


Input Leakage Current 


Operating Device Current (Note 2) 
3-State Output Leakage Current 
Input Capacitance 


Output Capacitance 


NOTES: 
1. Typical values are for Ty = +25°C and nominal Vpp. 


CDP1826C 
CHARACTERISTIC SYMBOL | MIN | 


ers Ges, Soeee Sie eee eee ee 
eee eae Voo 


Sea ee 


a Ge 
a 


CDP1826C 


EISIE 
TENT >I >] > 


Ny oit H- i— 
ony = = po 
uwlv 31/3 


2. Outputs open circuited; Cycle time = 1s. 


Signal Descriptions 

AO - A4, CS/A5 (Address Inputs): These inputs must be stable 
prior to a write operation, but may change asynchronously during 
Read operations. 


In an 1800 system, the multiplexed high-order address bit at pin CS/ 
A5 can be latched at the end of TPA. A high level will provide a valid 
chip select for the CDP1826C. The low-order address bit which 
appears after TPA is used for data word selection. In non-1800 sys- 
tems, TPA can be tied high to disable the latch and allow the CS/A5 
pin to function as a normal address input. 


BUS 0 - BUS 7: 8-bit 3-state common input/output data bus. 


TPA: High-order address strobe input. The high-order address bit at 
input CS/AS Is latched on the high-to-low transition of the TPA input. 


Tie TPA high to disable the CS/A5 latch feature. 

CS1, CS2 (Chip Selector): Either chip select (CS1 or CS2), when 
not valid, powers down the chip, disables READ and WRITE func- 
tions, and gates off the address and output buffers. 

MRD, MWR: Read and Write control signals. MWR overrides MRD, 
allowing the CDP 1826C to be controlled from a single R/W line. 
CEO (Chip Enable Output): Allows daisy chaining to additional 
memories. CEO is high whenever the CDP1826C is selected. CEO 
is only active (low) for a Read cycle with the CDP1826C deselected 
and the MRD input low. 


Vop» Vss: Power supply connections. 
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> 
cc 
O 
= 
Lu 
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” 
fe) 
= 
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CDP1826C 


BUS O 
Ao heal BUS | 
‘i ie aes Bus 2 
A2 hopaces end aoe - ae 64x8 BUS 3 
A3 BUFFERS m ee — ATES BUS 4 
A4 BUS 5 
cin is 2 nus 
BUS 7 
TPA 
CsI 
cs2 
MWR 


- =>. 


Fig. 2 - Functional diagram 


soo cock WI UU LU LU LLL LLU LI LI LLU $e 


AS , = 
TPA : t 
I 
RD | 
8 | 
CEO ' 
’ 1 ! 
‘ ! | 
Bus | VALID DATA VALID DATA 
1 ' l 
! | 
RAM CYCLE (RAM SELECTED) ROM CYCLE (RAM DESELECTED) 
CSl=!, CS2=0 


OPERATING MODES 


[roveen [a [ww foe] rem Jos] oxo 


WRITE 
READ 
DESELECT 
DESELECT 
DESELECT 
DESELECT 
DESELECT 


CDPI80O0 MODE 


o | WRITE 

2 w| REAO 
Q6| DESELECT 
1 =| DeseLect 
S | DESELECT 


# FOR CDPI800 MODE, REFERS TO HIGH ORDER MEMORY 
ADDRESS BIT LEVEL AT TIME WHEN TPA {Y_ TRANSITION 
TAKES PLACE 


Fig 3 - Chip Enable Output timing waveforms for CDP1800-based systems. 
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CDP1826C 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = -40 to + 85°C, Voo = 5 V+5%, 
Input tte = 10 ns; CL = 50 pF and 1 TTL Load 


CHARACTERISTIC 


CDP1826C 


MIN.+ TYP.e 


100 


UNITS 


Read — Cycle Times (Figs. 4 and 5) 


tasH 
tan 

Access from 
tepaw 

Output Valid from 

Access from 

CEO Delay from 

: 

tuc 

Output High zZ from 


Output High Z from 
Chip Deselect 

+Time required by a limit device to allow for the indicated function 
eTypical values are for Ta = 25°C and nominal Vop 


ed on on 
On ° ro 
Oo OS ro) 
Rs = — — + 
n> rh rs) = 8 
Or on OS = = 
oo 
wn 


500 


s HIGH ORDER 
AQ-A5 ij ADDRESS BYTE LOW ORDER ADDRESS BYTE 


TAA 


t PAW 


'sHz 


Pea HIGH IMPEDANCE VALID DATA 


tAM 


Fig. 4 - Timing waveforms for Read-cycle 1 
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6 
> 
fo 
Oo 
= 
Lu 
= 
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O 
= 
O 


CDP1826C 


AQ-AS Ve, LOW ORDER ADDRESS BYTE 


tAA 


WO LLLLLLL LL KZ 


tRHz 


aa Uy, GE 27, 


HIGH IMPEDANCE 
BUS VALID DATA 


tam 


Fig 5- Timing waveforms for Read-cycle 2 [TPA-High]. 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = -40 to + 85°C, Vop = 5 Vt5%, 
Input t,t = 10 ns; CL = 50 pF and 1 TTL Load 


LIMITS 


CHARACTERISTIC 


Write-Cycle Times (Figs. 6 and 7) 
Address to TPA Setup, 

High Byte tasH 
Address to TPA Hold 


Address Setup 


Low Byte tas 
TPA Pulse Width 200 
cael 
Chip Select Setup 700 350 


twr 
tos 
Data Hold from 100 rae 
End of MWR ton1 
Data Hold from 125 50 
End of Chip Select fo 


tTime required by a limit device to allow for the indicated function 
Typical values are for Ta = 25°C and nominal Vpp 


Write Pulse Width 
tww 
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CDP1826C 


- HIGH ORDER é 
AO-AS ys ADDRESS BYTE LOW ORDER ADDRESS BYTE YUffsyyy); 
TASH TAH TASL twr 


TPA t 


Fig 6 - Timing waveforms for Write-cycie 1. 


AO-A5 


LIK Kovnesssrre OW ORDER avoness ete 7 


tcs 


csi. C52 YfffyI/ III VALID Chie Seer MLL 


tos toHI» fOH2 


Fig. 7 - Timing waveforms for Write-cycle 2 [TPA=High]. 


CMOS MEMORY 


CDP1826C 


DATA RETENTION CHARACTERISTICS at 7, = -40 to + 85°C; see Fig. 8 


LIMITS 
CDP1826C UNITS 
ee 
Data Retention Quiescent 
Current 
Chip Deselect to Data 
Retention Time tcpr 


Vop to Vor Rise and 
Fall Time 


CHARACTERISTIC 


tte 


eTypical values are for Ta = 25°C and nominal Voo 


— DATA RETENTION 
MODE 
Vop 


095 Vop 095Vpp 


tcpr tre 

csi 

ViH VIH 
Vin Vie 


Fig 8 - Low Vpp data retention timing waveforms 
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m Ss MWS5107 
PARIS MWS5101A 


256-Word x 4-Bit 
February 1992 LSI Static RAM 
Features Description 
¢ Industry Standard Pinout The MWS5101 and MWS5101A are 256 word by 4 bit static 


random access memories designed for use in memory 
systems where high speed, very low operating current, and 
simplicity in use are desirable. They have separate data 


Very Low Operating Current.................. 8mA 
at Vop = 5V and Cycle Time = 1s 


¢ Two Chip Select Inputs Simple Memory Expansion inputs and outputs and utilize a single power supply of 4 to 
6.5 volts. The MWS5101 and MWS5101A differ in input 
* Memory Retention for Standby............. 2V (Min) voltage characteristics (MWS5101A is TTL compatible). 
Battery Voltage 


Two Chip Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 


Output Disable for Common I/O Systems 


¢ 3-State Data Output for Bus Oriented Systems capability and is also useful in common Input/Output 

systems by forcing the output into a high impedance state 
¢ Separate Data Inputs and Outputs during a write operation independent of the Chip Select input 
¢ TTL Compatible (MWS5101A) condition. The output assumes a high impedance state 


when the Output Disable is at high level or when the chip is 
deselected by CS1 and/or CS2. 


Pinout The high noise immunity of the CMOS technology is 


22 LEAD DIP preserved in this design. For TTL interfacing at 5V operation, 
TOP VIEW 


excellent system noise margin is preserved by using an 
external pull-up resistor at each input. 


For applications requiring wider temperature and operating 
voltage ranges, the mechanically and functionally equivalent 
static RAM, CDP1822 may be used. 


The MWS5101 and MWS5101A types are supplied in 22 
lead hermetic dual-in-line, sidebrazed ceramic packages (D 
suffix), in 22 lead dual-in-line plastic packages (E suffix), and 
in chip form (H suffix). 


CMOS MEMORY 


Ordering Information 
rempenatune |_____——wsstot_— | s5t01A 
Plastic DIP 0°C to +70°C MWS5101EL2 MWSS101EL3 MWS5101AEL2 MWSS101AEL3 
Burn-In MWS5101EL2X MWSS5101EL3X MWSS5101AEL2X | MWS5101AEL3X 
Ceramic DIP 0°C to +70°C MWSS5101DL3 MWS5101ADL3 
Burn-In MWS5101DL3X MWS5101ADL3X 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 11 06.1 
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MWS5101, MWS5101A 


OPERATIONAL MODES 


INPUTS 


CHIP SELECT SELECT 1 | CHIP ao 2 OUTPUT READ/WRITE 
Cs, DISABLE OD 


OUTPUT 


Standby 
Output Disable 


Logic 1 = High, Logic 0 =Low, X= Don’t Care 


Functional Block Diagram 


es IR epee tenet ie We) gt GIO Gh ie eT Aw | 
* 4 (5) (32) | 
aa P INPUT 
AO BUFFERS 
2 AND 
ne ALL ROWS 
Xe DESELECT 
4 D2! FUNCTION 
| 
* 
bit O2 
ey 
d12 O (4) 
eeu GATES 
ora OO? 
BIT(4) l 
| 
: | 
| (3) | 
| | INPUT 
A5 O- BUFFERS 
: AND | 
AG ALL COLUMNS | 
7' | DESELECT 
ATO FUNCTION | 
x | | 
R/WwOe? | 
is 
* | | \ss 
eamnghey | 
CSIO CONTRO 
A 
cs2 Riz | | | 
% 18 | 
000 : | 
Voo Voo Voo 
Vss Vss Vss 
e a 
INPUT PROTECTION OUTPUT OVER VOLTAGE 
NETWORK PROTECTION PROTECTION 
CIRCUIT CIRCUIT 
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Specifications MWS5101, MWS5101A 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp): Device Dissipation Per Output Transistor 
(All Voltages Referenced to Vcc Terminal) ........ —0.5V to +7V T, = Full Package Temperature Range 
Input Voltage Range, All inputs ............. —0.5V to Vopp +0.5V (All Package Typ@s)........... 22. c eee e ee eee eee 100mW 
DC Input Current, Any One Input................. 00.000 +10mA Operating Temperature Range (T,): 
Power Dissipation Per Package (Pp) Package Type D............. ccc e ee eeeee —55°C to +125°C 
Ta = 40°C to +60°C (Package Type E).............. 500mW Package Type E......... cece cee ee ees —40°C to +85°C 
T, = +60°C to +85°C (Package Type E)...... Derate Linearly at Storage Temperature Range (Tgig).......-..-- -65°C to +150°C 
12mW/C to 200mW ____ Lead Temperature (During Soldering): 

Ts, = —55°C to +100°C (Package Type D)............. 500mW At distance 1/16 +1/32 In. (1.59 + 0.79mm) 

Ta = +100°C to +125°C (Package Type D).... Derate Linearly at from case for 10S MAX... 1... ee eee eee +265°C 
12mW/C to 200mW 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 
ALL TYPES 


CHARACTERISTIC 
DC Operating Voltage Range 
Input Voltage Range 


Static Electrical Characteristics At T, = 0°C to +70°C, Vpp = 5V + 5% 
CONDITIONS 


LIMITS 


(Note 1) 
| TYP UNITS 


(Note 1) | 
CHARACTERISTIC SYMBOL; ( TYP 
Quiescent Device L2 Types | 


Output Low (Sink) Current 
Output High (Source) Current 


OL 


lon 
| Output Voltage Low-Level VoL 
Output Voltage High-Level Vou 9 


Input Low Voltage 
Input High Voltage 


< 
x 


= 


ye) 
N 


Input Leakage Current 
Operating Current (Note 2) 


3-State Output L2 Types lout 
Leakage Current 


j=) 
or 


fo) 
- <X 


+ + = ed on 
a on on = (o>) 
f : = 


L3 Types 


I+ 
wi) 


Input Capacitance 


PLO < 
) > 
He ee EE IE. 
led Lele [ feteletelela 


a] N 
Ol wo 


OQ 
es 


Output Capacitance Court 


1. Typical values are for Ty = +25°C and nominal Vpp. 2. Outputs open circuited; Cycle time = tps. 
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CMOS MEMORY 


Specifications MWS5101, MWS5101A 


Dynamic Electrical Characteristics at T, = 0°C to +70°C, Vpp = 5V + 5% 


LIMITS (NOTE 1) 


is TvPES 
(NOTE 2) (NOTE 3) (NOTE 2) (NOTE 3) 


c 
= 
= 
” 


CHARACTERISTIC 
READ CYCLE TIMES IGUDE 1) 
Read Cycle 


SYMBOL MIN TYP MIN TYP 


Access from Address 

Output Valid from Chip Select 1 
Output Valid from Chip Select 2 
Output Valid from Output Disable 
Output Hold from Chip Select 1 
Output Hold from Chip Select 2 
Output Hold from Output Disable 
WRITE CYCLE TIMES (FIGURE 2) 
Write Cycle 

Address Setup 


~ 
D 


Write Recovery 

Write Width 

input Data Setup Time 
Data in Hold 

Chip Select 1 Setup 
Chip Select 2 Setup 
Chip Select 1 Hold 
Chip Select 2 Hold 
Output Disable Setup 


oe i ee ee 


NOTES: 
1. MWS5101: t, t= 20ns, Vy = 0.7Vpp, Vit = 3Vpp; C,, = 100pF 2. Time required by a limit device to allow for the indicated function 


and MWSS101A: tr, t= 20ns, Viy = 2.2V, Vi, =0.65V;C,=S0pF 3. Typical values are for T, = 25°C and nominal V 
and 1 TTL Load. ae a a a 


[ann Hi 
"wr 
RC — ae 
CHIP- SELECT 2 a 


' 


OUTPUT DISABLE 
CHIP SELECT | . 'ooal a 
CHIP SELECT 2 'ooa2 "poe 

READ/ WRITE 
OUTPUT DISABLE ee 
: ws - 


REAO/WRITE OON'T CARE 
tan 


ne vce VALIO “tops is required for common I/O operation only; for separate I/O 
HIGH : . . 
impepance Operations, output disable is “don’t care” 
FIGURE 1. READ CYCLE TIMING WAVEFORMS FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 
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MWS5101, MWS5101A 


Data Retention Characteristics at T, = 0°C to +70°C; See Figure 3 


TEST 
CONDITIONS LIMITS 
ALL TYPES 
Vor Vop (NOTE 1) 
SYMBOL (V) (V) TYP UNITS 
Chip Deselect to Data Retention Time | toon {| 


2 
Recovery to Normal Operation Time 
Voo to Vor Rise and Fall Time fete 


NOTE: 
1. Typical Values are for Ty = 25°C and nominal Vop 


CHARACTERISTIC 


Data Retention Quiescent Current L2 Types 


DATA IN 
> 
DATA OUT 


DATA Sees th 
MOD 
Voo WRITE 
ADDRESS 


095 Vop 095 Vpp DECODER 


CSe 
VIH VIH 
Vin Sie 
VDD 
FIGURE 3. LOW Vpp DATA RETENTION TIMING WAVEFORMS FIGURE 4. MEMORY CELL CONFIGURATION 
po CONTROL A 


A 
CHIP-SELECT 
CONTROL 


| | CHIP-SELECT & 
See ee eS R/W CONTROL 


lhc 
OUTPUT OUTPUT 
18 DISABLE 
R 
DISABLE | [, PONTROL 
te en Ee a ee Fe Se fe ee es Seed 


FIGURE 5. LOGIC DIAGRAM OF CONTROLS FOR MWS5101, MWS5101A 
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ta} FIARRIS 


SEMICONDUCTOR 


HM-6508 


February 1992 1024 x 1 CMOS RAM 
Features Description 
¢ Low Power Standby...............eecee- 50uW Max. The HM-6508 is a 1024 x 1 static CMOS RAM fabricated 
¢ Low Power Operation ............... 20mW/MHz Max. USing self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high 
e Fast Access Time eee es eee nese eee wee ae es oes 180ns Max. performance and low power operation. 
e Data Retention ............. 2c cece eee newness 2.0V Min. 

On chip latches are provided for address allowing 
¢ TTL Compatible Input/Output efficient interfacing with microprocessor systems. The 
¢ High Output Drive - 2 TTL Loads data output buffers can be forced to a high impedance 
* On-Chip Address Register State for use in expanded memory arrays. 


The HM-6508 is a fully static RAM and may be main- 
tained in any state for an indefinite period of time. Data 


Ordering Information retention supply voltage and supply current are guaran- 


teed over temperature. 
[PACKAGE [ TEMP.RANGE | weons  [”250ne 


“Respective /883 specifications are included at the end of this 
datasheet 


Pinout Functional Diagram 


16 LEAD DIP 
TOP VIEW 


> 
~ 
09000 0 


LATCHED 
32 x 32 
ADDRESS ROW 
REGISTER MATRIX 
32 
De S ATED COLUMN 
| DECODER C 
aa AND DATAI/0O i Ries 


aE 
lee ; 

| 5 LATCHED ADDRESS 

E od> REGISTER 


=| 
V 
ay 


AO Al A2 A3 A4 
DESCRIPTION ALL LINES POSITIVE LOGIC - ACTIVE HIGH 
THREE STATE BUFFERS: 
Address Input A HIGH —> OUTPUT ACTIVE 


ADDRESS LATCHES AND GATED DECODERS: 
Chip Enable LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 


Write Enable 
Data Input 
Data Output 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2984 
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Specifications HM-6508 


Absolute Maximum Ratings Reliability Information 

Supely Voltage ssa vcs eeae hey aaa de be Sees +7.0V Thermal Resistance ................ Ba 8c 
Input, Output or 1/0 Voltage wite; ect ene a: Siete GND-0.3V to VCC+0.3V Ceramic DIP Package Fe Oren EET 75°C/MWV 15°C/W 
Storage Temperature Range ................. -65°C to +150°C Maximum Package Power Dissipation at +1 25°C 

Junction Temperature... 6... cece cee eens +175°C Ceramic DIP Package ............ cece cece eee neue 0.67 W 
Lead Temperature (Soldering 10s)...............+.--. +300°C Gate Count 0.0.0.0... cece cece eee nent eee 1925 Gates 
Typical Derating Factor........... 1.5mA/MHz Increase in ICCOP 

ESD Classification. <5 524s46 se sawn yeesa ety eG.el ets Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Operating Conditions 


Operating Voltage Range..................0.- +4.5V to +5.5V Operating Temperature Range 
HM-6508B-9, HM-6508-9 ................00. -40°C to +85°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6508B-9, HM-6508-9) 


SYMBOL PARAMETER | MIN, | MAX | UNITS TEST CONDITIONS 


ICCSB Standby Supply Current pA lO = OmA, VI = VCC or GND, 
VCC = 5.0V 
ICCOP Operating Supply = 1MHz, 10 = OmA, VI = VCC or 
Current (Note 1) ano: VCC = 5.5V 
ICCDR Data Retention Supply HN- | HM-6508B-9 | 9 VCC =2.0V, IO = OmA, VI = VCC or 
Current GND, E = VCC 
Input Leakage Current new e VI = VCC or GND, VCC = 5.5V 
Output Leakage Current Paria, ae VO = VCC or GND, VCC = 5.5V 
Input High Voltage vec-2.0 | vcc+0.3 VCC = 5.5V 
Output Low Voltage po foe fo IO = 3.2mA, VCC = 4.5V 
a aa 


Output High Voltage 10 = -0.4mA, VCC = 4.5V 
Capacitance T, = +25°C 


| ranawerer | wax | urs | _testconomions | 
[Input Capactance (Note2) |e |r 

[OuiputCapacitance (Note2) | 10 |e 
NOTES: 


1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes1 


SYMBOL 


f = 1MHz, All measurements are 
referenced to device GND 
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Specifications HM-6508 


AC Electrical Specifications Vcc = 5V + 10%; T, = -40°C to +85°C (HM-6508B-9, HM-6508-9) 


SYMBOL 


Chip Enable Access Time 

Address Access Time 

Chip Enable Output Enable Time | 

Write Enable Output Disable Time 

Chip Enable Output Disable Time 
6) 
7) 
8) 
(9) 


HM-6508B-9 HM-6508-9 


TEST 
CONDITIONS 


poe | 


PARAMETER UNITS 


120 


_ 
f°2) 
Oo 


( 
Chip Enable Pulse Negative Width 
Chip Enable Pulse Positive Width 
Address Setup Time 

Address Hold Time 

Data Setup Time 

Data Hold Time 

Chip Enable Write Pulse Setup Time 


(13) TELWH | Chip Enable Write Pulse Hold Time 


(14) TWLWH | Write Enable Pulse Width 100 


(15) TELEL (Notes 1, 3) 
NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


130 


Read or Write Cycle Time 
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HM-6508 


Timing Waveforms 


READ CYCLE 
(8) aver TELAXee] (9) 
» EXER rane KEES 


(7) 


mj 


TEHEL 
fe 


(8) taver 


SOK fre 


a 


AL (a ly 


(15) 
(7) 


=| 
| 


o 


TELOV 
TeHazbe—(5) 


TAVQV 


Tecax—m(3) 


SONI COYNE OOOO NONI ON 


6 OD OO a A a WW 0 FW OW ew on 


FF WW oD Wo I = = = = = ee =e. -/ 


(3) 
TIME 
REFERENCE 


2 3 4 5 


TRUTH TABLE 


X 


In the HM-6508 Read Cycle, the address information is 
latched into the on chip registers on the falling edge of E (T = 
0). Minimum address setup and hold time requirements must 
be met. After the required hold time, the addresses may 
change state without affecting device operation. During time 
(T = 1) the data output becomes enabled; however, the data 


OUTPUTS 


es 
[2 [exc eee, nonstate 
rs 
[2 [reer trno Gxie Saree) 
[2 [orn ens or Ce Boge Saree) 


is not valid until during time (T = 2). W must remain high for 
the read cycle. After the output data has been read, E may 
return high (T = 3). This will disable the chip and force the 
Output buffer to a high impedance state. After the required E 
high time (TEHEL) the RAM is ready for the next memory 
cycle (T = 4). 
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CMOS MEMORY 


HM-6508 


Timing Waveforms (Continued) 


WRITE CYCLE 
(8) raver TELAXm (9) (8) taver 
B POSS [VAIO KOI |NEXT 
(7) a = TELE LJ (15) 
— ——TEHEL oaets ee TELEH——— otiare TEHEL (7) 


mj 


=| 


TIME 


—~----—-- TWLEH 
(14) 


(6) 


COO 


9 


aa 


TwHox (11) 


Pre 20a rt a Se TSE ESE TET Se EO SOR OE Sa ee TOPO Be eS CE a en ea ee 
REFERENCE | | | | | | | 


Prepare for Next Cycle (Same as -1) 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. By posi- 


Test Load Circuit 


DUT ¢ 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


. 
. J 
eo nenesnccsecccncveens 


Cycle Ends, Next Cycle Begins (Same as 0) 


tioning the W pulse at different times within the E low time 
(TELEH), various types of write cycles may be performed. 


If the E low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELQX), a combina- 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


EQUIVALENT CIRCUIT 


a 
e 
SEE DeCTSAASESHSS SSO SOS OE DESEO RODESESSESESSOSDSEOESESESSSSEESERSELESS 2 
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FARRIS 


SEMICONDUCTOR 


HM-6508/883 


1024 x 1 CMOS RAM 


ao 


February 1992 


Features 


e This Circuit is Processed in Accordance to 
Mil-Std-883 and is Fully Conformant Under the Provi- 
sions of Paragraph 1.2.1. 


Description 


The HM-6508/883 is a 1024 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. 
Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 


e Low Power Standby................e00- 50u.W Max. 

¢ Low Power Operation ............. 20mW/MHz Max. On chip latches are provided for address allowing efficient 
interfacing with microprocessor systems. The data output 

e Fast Access Time. ...........-..-.005: 180ns Max. buffers can be forced to a high impedance state for use in 

¢ Data Retention.............000eeeeeeee: 2.0V Min. &xPanded memory arrays. 


The HM-6508/883 is a fully static RAM and may be main- 
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 


e TTL Compatible Input/Output 
¢ High Output Drive - 2 TTL Loads 


¢ On-Chip Address Register over temperature. 
Pinout Functional Diagram 
HM1-6508/883 (CERAMIC DIP) 
TOP VIEW 
AS 
AG LATCHED 


ADDRESS 
REGISTER 


>] 


32 
GATED COLUMN 
ae DECODER 
AND DATAI/0O i 
tad 


LATCHED ADDRESS 
REGISTER 


AO Al A2 A3 A4 


5 


=| 


CMOS MEMORY 


ALL LINES POSITIVE LOGIC - ACTIVE HIGH 
THREE STATE BUFFERS: 
A HIGH — OUTPUT ACTIVE 
ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HM-6508/883 


Absolute Maximum Ratings 


SUPDIY VONAGG so ceceoigs. S554 Seb Denes CR era eet eae +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 6... eee ce teens +175°C 
Lead Temperature (Soldering 10s)...............0000. +300°C 
Typical Derating Factor........... 1.5mA/MHz Increase in ICCOP 
ESD Classification ....... 0... ccc cece cece eens Class 1 


Reliability Information 


Thermal Resistance ................ Ba Qc 
Ceramic DIP Package............. 75°CWW 15°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ............. 2c cece eee cece 0.67 W 
Gale Counts cana capac tetenranes sen vente tawe 1925 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voitage Range............... eee eee +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
Input Low Voltage... 2... ccc ee ce eee eee eens OV to +0.8V 


Input High Voltage. ........ cee eee eee VCC -2.0V to VCC 
Input Rise and Fall Time... 1.6... . ce ee ee eee 40ns Max. 


TABLE 1. HM-6508/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


(NOTE 1) 
CONDITIONS 


Output High Voltage VCC = 4.5V, 
IOH = -0.4mA 
VCC = 5.5V, 
VI = GND or VCC 


Input Leakage Current ae 
Output Leakage Current 3 
ICCDR 


Vor 
VOH 
Data Retention Supply Current 
ICCOP 
ICCSB 
NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in |CCOP 


VCC = 2.0V, 
E=VCC, 

1O = OmA, 

Vi = VCC or GND 


HM-6508B/883 
HM-6508/883 
Operating Supply Current VCC = 5.5V, 
(Note 2), 

E = 1MHz, 
IO = OmA, 
Standby Supply Current VCC = 5.0V, 

IO = OmA, 

Vi = VCC or GND 


LIMITS 
GROUP A 
SUBGROUPS TEMPERATURE 
Output Low Voltage VCC = 4.5V, -55°C < Ta $ +125°C 
IOL = 3.2mMA 


VCC = 5.5V, 
VO = GND or VCC 


Cc 
ra 
=f 
wn 


0.4 


55°C < Ty < +125°C 


-55°C < Ty $ +125°C 


-55°C < Ta $ +125°C 


-55°C < Ta s +125°C 


+ 
ot 
° 
> 


co) 


+1. 


> 


-55°C < Ty $ +125°C 


55°C < Ty < +125°C 


= = = = 


3 
> 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications HM-6508/883 


TABLE 2. HM-6508/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
LIMITS 
HM-6508B/883 HM-6508/883 
SUB- 
TEMPERATURE | MIN | 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS | GROUPS 


Chip Enable (1) TELQV | VCC=4.5and | 9,10,11 | -55°C<T,<+4125°C 
Access Time 5.5V 
Address Access (2) TAVQV | VCC =4.5and | 9,10,11 | -55°C<T,<+125°C 
Time 5.5V , Note 3 


Chip Enable (3) TELQX | VCC =4.5 and 9,10, 11 ~55°C < Ty S$ +125°C 
Output Disable 
Time 
Write Enable (4) TWLQZ | VCC =4.5 and 9, 10, 11 
5.5V 
(5) TEHQZ | VCC =4.5 and 55°C < Ty $ +125°C 
(6) TELEH | VCC =4.5 and 9, 10, 11 -55°C < Ty < +125°C 
5.5V 
Pulse Positive 


Output Disable 
Time 
| 
(7) TEHEL | VCC =4.5 and 9, 10, 11 100 
5.5V 
Width 
Address Setup (8) TAVEL | VCC =4.5 and 9, 10, 11 55°C < Ty <$ +125°C 
Time 5.5V 


GROUP A 


UNITS 


-55°C < Ty < +125°C 


Chip Enable 
Pulse Negative 
Width 


Chip Enable 


-55°C < Ta S$ +125°C 


Chip Enable 

Output Disable 

Time 

Address Hold (9) TELAX | VCC =4.5 and 9, 10, 11 -55°C < Ta < +125°C 

Time 5.5V 

Data Setup Time | (10) TDVWH ] VCC = 4.5 and 9, 10, 11 -55°C < Ta S$ +125°C 
5.5V 

Data Hoid Time (11) TWHDX | VCC =4.5 and 9, 10, 11 -55°C < Ta S$ +125°C 
5.5V 

Chip Enable Write | (12) TWLEH | VCC = 4.5 and 9, 10, 11 -55°C < Ta < +125°C 

Pulse Setup Time 5.5V 

Chip Enable Write | (13) TELWH | VCC = 4.5 and 9, 10, 11 ~55°C < Ty, $ +125°C 

Pulse Hold Time 5.5V 

Write Enable (14) TWLWH | VCC = 4.5 and 9, 10, 11 -55°C < Ty $ +125°C 

Pulse Width 5.5V 

Read or Write (15) TELEL | VCC =4.5 and 9, 10, 11 -55°C < Ty $ +125°C 

Cycle Time 5.5V 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


> 
[a 
\e) 
= 
lu 
= 
wn) 
O 
= 
O 
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Se he Se 
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ue 


CAUTION: These devices are sensitive to electronic discharge Proper iC handling procedures should be followed. 
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TABLE 3. HM-6508/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


| ims | 
PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE cor UNITS 


Input Capacitance VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


Output Capacitance VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


a 
a 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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HM-6508/883 


Timing Waveforms 
READ CYCLE 


(8) TAVEL TE LAX (9) 


> 


m4 


=| 


o 


(8) rave 


I | VAL SOOO DOK | NEXT 


aa 


RF GG 


8 FAG DE A A AF AF a A OF OF oF OF A FO LO a OF WO =O oO LO . . .=.L a . a - @ .. . @ -.O. ©. ©. .@. 


5 
oi pe TELax—e (3) 


) TEHQZ (5) 


TAVQV 


(3) 
TIME 
REFERENCE 


1 0 1 


2 3 4 5 


TRUTH TABLE 


X 


In the HM-6508/883 Read Cycle, the address information is 
latched into the on chip registers on the falling edge of E (T = 
0). Minimum address setup and hold time requirements must 
be met. After the required hold time, the addresses may 
change state without affecting device operation. During time 
(T = 1) the data output becomes enabled; however, the data 


OUTPUTS 
FUNCTION 


Ce 
ee 
[2 [ex ese Assan eats 
re 
ee 
[2 [ox de en Oe apr Save 


is not valid until during time (T = 2). W must remain high for 
the read cycle. After the output data has been read, E may 
return high (T = 3). This will disable the chip and force the 
output buffer to a high impedance state. After the required E 
high time (TEHEL) the RAM is ready for the next memory 
cycle (T = 4). 
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HM-6508/883 


Timing Waveforms (Continued) 
WRITE CYCLE 


SOOOOOL 


CVA R50 HOD 


- i cS 


REFERENCE 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. By posi- 


Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


. 
Seasesececesecnsceuesens 


Cycle Ends, Next Cycle Begins (Same as 0) 


tioning the W pulse at different times within the E low time 
(TELEH), various types of write cycles may be performed. 


If the E low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELQX), a combina- 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method _allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


EQUIVALENT CIRCUIT 


e 
e 
ORCC Se CET EERE OSHOSSERSESSOHEATEUSECSONESSSeneSeenesessoouSensseseeTG 2 
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HM-6508/883 


Burn-In Circuit 


MEASURED AT CENTER OF FLAT FOR 


HM-6508/883 CERAMIC DIP 
vec gy 
FO 1 {E 
F3 2 | AO F2 
F4 /3 | At FI 
FS |4 1 A2 AQ [13] ——_AAA-—— F12 
F6 |S | A3 Fit 
F7 16 | A4 F10 
F2 7 A6 [10}__A,A A, F9 
| 8 |GND Fe 
\/ 
NOTES: 
All resistors 47KW + 5% 
FO = 100kHz + 10% 
Fi =FO+2,F2=F1+2,F3=F2+2...F12=F11+2 
VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 
VIL = -0.2V to +0.4V 
C1 = 0.01pF Min. 
Packaging 
16 PIN CERAMIC DIP 
753 
785 
.005 MIN 
aes 
.-200 MAX 1 H Lt} 
—— 
2015, | 150 MIN 
.060 
125 .080 MAX 
180 * 100 
cll BSC 
.023 
.050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T16 


MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are — Dimensions are in inches. 
a 
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CMOS MEMORY 


HM-6508/883 


Metallization Topology 


DIE DIMENSIONS: 
130 x 150 x 19+ Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 1 1kA + 2kA 


GLASSIVATION: 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.342 x 10° A/cm? 


LEAD TEMPERATURE (10 seconds soldering): 
< 300°C 


Metallization Mask Layout 
HM-6508/883 


es as 


8 
x 
@5 
ox 
A] ja 
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|e 
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Sore iter HM-6518 


uD 


tps 
February 1992 : 1024 x 1 CMOS RAM 

Features Description 
e Low Power Standby.................... 50uW Max. The HM-6518 is a 1024 x 1 static CMOS RAM fabricated 
¢ Low Power Operation ............. 20mW/MHz Max. USing self-aligned silicon gate technology. Synchronous 

; circuit design techniques are employed to achieve high 
e Fast Access Time. .................44. 180ns Max. performance and low power operation. 
Data Retention ...........-..++--+---- @ 2.0V Min. On chip latches are provided for address and data outputs 
e¢ TTL Compatible Input/Output allowing efficient interfacing with microprocessor systems. 


The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 


The HM-6518 is a fully static RAM and may be maintained in 


e¢ High Output Drive - 2 TTL Loads 
e High Noise immunity 


¢ On-Chip Address Register any state for an indefinite period of time. Data retention 
¢ Two-Chip Selects for Easy Array Expansion supply voltage and supply current are guaranteed over- 
temperature. 


e Three-State Output 


Ordering Information 


[PACKAGE | TENPERATURERANGE | _veone [ane 


* Respective /883 specifications are included at the end of this data sheet. 


Pinout Functional Diagram 
18 LEAD DIP 
TOP VIEW 


LATCHED 32 x 32 


ADDRESS 
REGISTER MATHIX 
32 
GATED COLUMN 


D Q 
DECODER LATCH 0 Q 
— AND DATAI/0O LC 


6 
> 
c 
O 
= 
Lu 
= 
2) 
Oo 
= 
O 


aaa 
2 (eee Eee 
G 
LATCHED ADDRESS 
REGISTER 
DESCRIPTION eee 5 6 6 6 4 
S20 AO A1 A2 A3 A4 


a 
(e[eree 
a 


ALL LINES POSITIVE LOGIC - ACTIVE HIGH 
THREE STATE BUFFERS: 
A HIGH ———* OUTPUT ACTIVE 


DATA LATCHES: 
LHIGH ——~_ Q=D 
Q LATCHES ON RISING EDGE OF L 


ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 


Chip Select 
| Data Input 


CAUTION These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2987 
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Specifications HM-6518 


Absolute Maximum Ratings 


SUPDIV- VONAU0G 3:6. Fa iad ose ote t ee ea aaeewtndeks wow RS +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0.0.0... 0. ccc ccc cece ce eee +175°C 
Lead Temperature (Soldering 10s)..............0.0 ee +300°C 
ESD Classification iioo0so ie SOS BG w Reais OO NOS ROO ES Class 1 


Reliability Information 
Thermal Resistance Ba 6, 


jc 
Ceramic DIP Package............. 75°CW 18°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ........... 0 cece e eee c eee e nes 0.67W 
Gale Coun 9.51. sie agente ia Voi eG Forest cueeewes 1936 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..................06. +4.5V to +5.5V 


Operating Temperature Range 
HM-6518B-9, HM-6518-9 ............. 0 eee -40°C to +85°C 


DC Electrical Specifications VCC = 5V + 10%; Ty = -40°C to +85°C (HM-6518B-9, HM-6518-9) 


PARAMETER 


Operating Supply 
Current (Note 1) 


Data Retention Supply 
Current 


HM-6518B-9 ICCDR 
HM-6518-9 


Data Retention Supply Voltage 


1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


LIMITS : 
ICCOP E = 1MHz, IO = OmA, VI = VCC or 
GND, VCC = 5.5V 


VCC-2.0 


2.4 


TEST CONDITIONS 


IO = OmA, Vi = VCC or GND, 
VCC = 5.5V 


VCC = 2.0V, 10 = OmA, VI = VCC or 


GND, E = VCC 


VI = VCC or GND, VCC = 5.5V 


VO = VCC or GND, VCC = 5.5V 
VCC = 4.5V 


VCC+0.3 


VCC = 5.5V 
lO = 3.2mA, VCC = 4.5V 
IO = -0.4mA, VCC = 4.5V 


TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 


CAUTION: These devices are sensitive to electrostatic discharge. Proper | C. handling procedures should be followed. 
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AC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6518B-9, HM-6518-9) 


| LIMITS 
PARAMETER 


HM-6518B-9 HM-6518-9 
SYMBOL 


Pn 
@ rmae 


TEST 
UNITS CONDITIONS 


(Notes 1, 3) 
(Notes 1, 3, 4) 
(Notes 2, 3) 
(Notes 2, 3) 
(Notes 2, 3) 


(Notes 1, 3) 


8 
Ee 
. hed 
@ Teven | 180 
@ Tenet | 100_ 
@ raver | 0 
@ Tex | 40 
(1) TowWH | 80 
po 

100 

| 100 

| 100 

| 100_| 

| 100 | 

200 _| 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


(Notes 1, 3) 


Data Hold Time (11) TWHDX 
Chip Select Write Pulse Setup Time (12) TWLSH 


(Notes 1, 3) 
(Notes 1, 3) 


(Notes 1, 3) 


(17) TELEL 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


Read or Write Cycle Time (Notes 1, 3) 


190 || 250 
p20 fs | 160 
a 
_ zo | = | 160 | 
p= | to fe 
pane fe 
a ko ee 
ea EC ee 
pf mo |e 
oe ee 
en Ee ee 
pf eo |e 


NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


> 
cc 
O 
= 
lu 
= 
” 
Oo 
= 
O 
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HM-6518 


Timing Waveforms 


READ CYCLE (8) (9) (8) 
COSTS TELAX TAVEL 
SA santaed eee SE OK JET 
(17) 
TEHEL 
E (7) i 
W HIGH 
© OP 
eee 
AVON (2) = 
a RS pts COOOK ___vatipourrurtarcnes f+} ——— 
TSHOZ (5) “ar (5) TSHaZ 


-1 0 1 


TRUTH TABLE 


1. Device selected only if both S1 and 


Y) 


NOTE: 


In the HM-6518 read cycle the address information is 
latched into the on chip registers on the falling edge of E 
(T = 0). Minimum address setup and hold time require- 
ments must be met. After the required hold time the 
addresses may change state without affecting device oper- 
ation. In order for the output to be read S1, S2 and E must 


Memory Disabled 
Cycle Begins, Addresses are Latched 
Output Enabled 


Output Valid 
Output Latched 


Device Disabled, Prepare for Next Cycle 
(Same as -1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


2 are low, and deselected if either S1 or S2 are high 


be low, W must be high. When E goes high the output data 
is latched into an on chip register. Taking either or both S1 
or S2 high forces the output buffer to a high impedance 
State. The output data may be re-enabled at any time by 
taking S17 and S2 low. On the falling edge of E the data will 
be unlatched. 


6-70 
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Timing Waveforms (Continued) 


WRITE CYCLE (8) (9) (8) 
TAVEL TELAX TAVEL 
BRR RRQRSK | DO VO KOK [NEXT 
TEHEL | y 
E {7] 


TWLEH (13) 


(15) H 
W LL a? L/W NN 
~—«——-- TWHDX (1 | } 
0 OOK VALIDDATA | KOSS ROR 
a HIGH Z “Tf letioniteataeniad — 
WH)/ I .tI\\N\VEEE EE Zs AWW 
TRUTH TABLE 


OUTPUTS 


INPUTS 


FUNCTION 


[Daaiswaiten i 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as E, W, S1 and S2 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 


by the first rising edge of either E, W, S1 or S2. Data setup 
and hold times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. By 


Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH) plus an output enable time (TSLQX), a 
combination read write cycle is executed. Data may be 
modified an indefinite number of times during any write cycle 
(TELER). 


The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


CORSE HOE OH EOE ROCEEOHESOOHEEEEHOROEEEODOOONESPREOSEODOEHAOEESEOEHEOS EE 
e 


Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


CMOS MEMORY 


FARRIS 


SEMICONDUCTOR 


HM-6518/883 


1024 x 1 CMOS RAM 


aD 


January 1992 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ Low Power Standby. ..............0008. 50uW Max. 
¢ Low Power Operation ............. 20mW/MHz Max. 
¢ Fast Access Time................2000- 180ns Max. 
¢ Data Retention ............ 0c cee wees @ 2.0V Min. 


¢ TTL Compatible Input/Output 


Description 


The HM-6518/883 is a 1024 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. 
Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 


On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 


The HM-6518/883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 


e High Output Drive - 2 TTL Loads retention supply voltage and supply current are guaranteed 


; over temperature. 

¢ High Noise Immunity 

¢ On-Chip Address Register 

¢ Two-Chip Selects for Easy Array Expansion 

¢ Three-State Output 

Pinout Functional Diagram 

HM-6518/883 (CERAMIC DIP) 
TOP VIEW 
A5 0 
A6C LATCHED 32 x 32 
A7 © ADDRESS ROW 
A8 © REGISTER DECODER mn 
AQ © 
weal ’ 
: D Q 
> He Pee Pe 
AND DATAI/O A 
ea 
eee Pe eee 

rep OO [ff 
Eo—d cS TCHED ADDRESS 
Eo-q> AT EGISTER 


Ao Ai A2 A3 A4 


DESCRIPTION 
Address Input 


ALL LINES POSITIVE LOGIC - ACTIVE HIGH 


THREE STATE BUFFERS: 
Chip Enable AHIGH ——> OUTPUT ACTIVE 
DATA LATCHES: 


LHIGH ———> Q=D 
Q LATCHES ON RISING EDGE OF L 


ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 6-72 


File Number 2986 


Specifications HM-6518/883 


Absolute Maximum Ratings 


SUpDIY Vollade sect inde see cae esa ends sncaase +7.0V 
Input, Output or 1/0 Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0.0.00... ce eee cee eens +175°C 
Lead Temperature (Soldering 10s).............. 000008 +300°C 
ESD Classilication sei) e ene Ova wn a6 845 SOS GRR Class 1 


Reliability Information 


Thermal Resistance Oa Bic 
Ceramic DIP Package............. 75°CW 18°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package i icsc.cwews Shaveses ign asen 0.67W 
Gale COUN sincere hte teenie a dete ater taey es 1936 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................60.. +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
INPUD LOW VON AGC 6 aes nc cee ea wise Ghee eee Peas OV to +0.8V 


Input High Voltage. .... 2... eee eee VCC - 2.0V to VCC 
Input Rise and Fall Time... 6... ee ee ee ee ee 40ns Max 


TABLE 1. HM-6518/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


(Note 1) 
CONDITIONS 


VCC = 4.5V, 


Output High Voltage 

lIOH = -0.4mA 
Input Leakage Current VCC = 5.5V, 

VI = GND or VCC 
Output Leakage Current Tak 


Output Low Voltage VOL VCC = 4.5V, 
lIOL = 3.2mA 

VOH 

10Z 


Data Retention Supply Current ICCDR VCC = 2.0V, 
E=VCC, 
HM-6518B/883 lO = OmA, 
Vi = VCC or GND 
HM-65 18/883 


Operating Supply Current 


ICCOP VCC = 5.5V, 
(Note 2), 
E = 1MHz, 
lO = OmA, 
Vil = VCC or GND 
ICCSB VCC = 5.5V, 
10 = OmA, 
Vl = VCC or GND 
NOTES: 


1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP 


Standby Supply Current 


VCC = 5.5V, 
VO = GND or VCC 


GROUP A 


SUBGROUPS TEMPERATURE 


LIMITS 
wax | uns 
Vv 


1,2,3 -55°C < Ty < +125°C 


-55°C < Ty S$ +125°C 


1,2,3 


-55°C < Ta $ +125°C 


55°C < Ty $ +125°C 


-55°C < Ty < +125°C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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CMOS MEMORY 


Specifications HM-6518/883 


TABLE 2. HM-6518/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
LIMITS 


SUB HM-6518B/883 | HM-6518/883 
PARAMETER 


GROUPS | TEMPERATURE | MAX | 
Chip Enable 


-55°C < Ty S$ +125°C 
Access Time 


GROUP A 


(Notes 1, 2) 
CONDITIONS 


VCC = 4.5 and 
5.5V 


SYMBOL 
(1) TELQV 


UNITS 


Address Access (2) TAVQV | VCC = 4.5 and -55°C < Ta S$ +125°C 
Time 5.5V , Note 3 


“55°C < Ty S$ +125°C 


Chip Select 9, 10, 11 
Output Enable 


Time 


Write Enable 
Output Disable 
Time 


Chip Select 


(3) TSLQX | VCC = 4.5 and 


-55°C s Ta S$ +125°C 


9,10, 11 -55°C < Ta S$ +125°C 
Output Disable 
Time 
(6) TELEH | VCC =4.5 and 9, 10, 11 ~55°C $ Ta S$ +125°C 
5.5V 


5.5V 


(4) TWLQZ | VCC = 4.5 and 


(5) TSHQZ | VCC = 4.5 and 


Chip Enable Pulse = 4, : 180 
Negative Width 
Chip Enable Pulse (7) TEHEL | VCC = 4.5 and -55°C < Ty S$ +125°C 
Positive Width 5.5V 
Address Setup (8) TAVEL | VCC = 4.5 and 9,10, 11 
Time 5.5V 
Address Hold Time | (9) TELAX | VCC = 4.5 and 9,10,11 | -55°C sTy<+125°C | 
5.5V 
Data Setup Time (10) TOVWH | VCC = 4.5 and -55°C < Ta $ +125°C 
5.5V 
Data Hold Time (11) TWHDX | VCC = 4.5 and 
5.5V 
a Bois 
| fae 


55°C < Ty $ +125°C 


bl 
baked 


55°C < Ty $ +125°C 


-55°C $ Ty S$ +125°C 


Chip Select Write (12) TWLSH | VCC = 4.5 and 

| Pulse Setup Time 5.5V 
Chip Enable Write (13) TWLEH | VCC = 4.5 and 9, 10, 11 -55°C < Ty $ +125°C 
Pulse Setup Time 5.5V 
Chip Select Write (14) TSLWH | VCC = 4.5 and 9,10,11 | -55°C < Ta < +125°C 
Pulse Hold Time 5.5V 
Chip Enable Write | (15) TELWH | VCC = 4.5 and 9,10,11 | -55°C < Ty < +125°C 
Pulse Hold Time 5.5V 


130 


130 


Write Enable Pulse | (16) TWLWH | VCC = 4.5 and 9,10,11 | -55°C < Ty $ +125°C 
Width 5.5V 
Read or Write (17) TELEL | VCC =4.5 and 9, 10, 11 -55°C < Ta < +125°C 
Cycle Time 5.5V 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
-1TTL gate equivalent, CL = SOpF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


350 


ia ta 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications HM-6518/883 


TABLE 3. HM-6518/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE BEB i. UNITS 


input Capacitance VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


Output Capacitance VCC = Open, f= 1MHz, All 
Measurements Referenced 
to Device Ground 


NOTE: 1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after 
major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


a 
a 


6 
> 
a 
Oo 
= 
Lu 
= 
n” 
Oo 
= 
Oo 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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HM-6518/883 


Timing Waveforms 


READ CYCLE (B} (9) 
TELAX 


OOS 


TAVEL 


® RRR RRO OY 


£2 


TEHEL 


E (7) 


HIGH 


ae es a 


(8) 


TAVEL 


SNK KOK |NEXT 


© ORS OPP INN KS 


AWA s' 


aac 
—— TAVOV (2) —————— eae 
o EES st SOOK___vatioourrur arenes 
TSHOZ (5) TSLaX (5) TsHOZ 
® (3) 


-1 0 1 


TRUTH TABLE 


TIME 
REFERENCE 


FUNCTION 


H 


op) 


NOTE: 1. Device selected only if both S1 and 


In the HM-65 18/883 read cycle the address information is 
latched into the on chip registers on the falling edge of E 
(T = 0). Minimum address setup and hold time require- 
ments must be met. After the required hold time the 
addresses may change state without affecting device oper- 
ation. In order for the output to be read S1, S2 and E must 


fe. Cycle Begins, Addresses are Latched 
Output Enabled 


Output Valid 
Output Latched 


Device Disabled, Prepare for Next Cycle 
(Same as -1) 

Cycle Ends, Next Cycle Begins 

(Same as 0) 


2 are low, and deselected if either St or S2 are high 


be low, W must be high. When E goes high the output data 
is latched into an on chip register. Taking either or both S1 
or S2 high forces the output buffer to a high impedance 
state. The output data may be re-enabled at any time by 
taking S1 and S2 low. On the falling edge of E the data will 
be unlatched. 
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Timing Waveforms (Continued) 


WRITE CYCLE (8 (9) 8] 
TAVEL TELAX os ee = 
BOO SOO OO ROI [NEXT 


(17) 


TEHEL 


E (7) (7) 
TWLEH {13} 
(15) TELWH 
C/I (INN i) LYNN 
~——— TWHOX (1 1) 


: cana" eeuceites aikbimepmumeentl Eh OK 


Py HIGH 2 


(14) TSLWH 
VI ,KIIW4NE ee 0/0 KW 
: TRUTH TABLE 


OUTPUTS 
FUNCTION 


Memory Disabled 
FZ Cycle Begins, Addresses are Latched 
Write Mode has Begun 


NOTE: 1. Device selected only if both ST and S2 are low, and deselected if either S1 or S2 are high 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as E, W, S1 and S2 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E, W, S1 or S2. Data setup 
and hold times must be referenced to the terminating signal. 


lf a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 


times must be referenced to the rising edae of E. By 


Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


Baecesusecencscessescccs 


positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH) plus an output enable time (TSLQX), a 
combination read write cycle is executed. Data may be 
modified an indefinite number of times during any write cycle 
(TELE). 


The data input and data output pins may be tied together for 
use with a common |/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 


SOOO OT OSCE OSHS SOO SEOROSOTESEDOLODELODEREEENSCOROCAOEHESESOOESESSOESS 
r) 


EQUIVALENT CIRCUIT 
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Burn-In Circuit 


HM-65 18/883 


HM-6518/883 CERAMIC DIP 
VCC Gy 
FO —— | 1) S1 
FO 2 FO 
F3 —. [3] AO F2 
F4 r 4} At FI 
F5 | 5| A2 F12 
Fe — 16] A3 F11 
F7 F1i0 
F2 — 8} Q MWA-—— F9 
| 9] GND F8 
V 

NOTES: 

All resistors 47KW +5% 

FO = 100kHz +10% 

F1=FO+2,F2=F1+2,F3=F2+2...F12=Fi1+2 

VCC = 5.5V +0.5V 

VIH = 4.5V +10% 

VIL = -0.2V to +0.4V 

C1 = 0.01pF Min. 

Packaging 

16 PIN CERAMIC DIP 
882 
915 
.005 MIN : | 285 
| reece ~~ 305 oo 


.200 MAX rg 
aa .150 MIN 300 
.06 ————— 
125 098 MAX 20 
. 0° 
parca * ee 
.180 * 100 —~L 008 15° 
016 
.023 
050 * 
.065 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are — Dimensions are in inches. 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
~ SOLDER FINISH 


COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 
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HM-65 18/883 


Metallization Topology 


DIE DIMENSIONS: 
130 x 150 x 19 + imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA +2kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.342 x 10° A/cm? 


Metallization Mask Layout 
HM-65 18/883 


Ci. Taha ee (3 


(| (C SeaneneS Sane ne ee 


@ SIMHUH § 


CMOS MEMORY 


! 
i 
ny 
! 
if. 
i 
i; 
if 
i: 
tty 
iq 
: 
: 
H 
i 
= 
7 


NOTE: Pin Numbers Correspond to DIP Package Only 
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FARRIS 


SEMICONDUCTOR 


aD 


HM-6551 


February 1992 256 x 4 CMOS RAM 
Features Description 
e¢ Low Power Standby................0005. 50uW Max. The HM-6551 is a 256 x 4 static CMOS RAM fabricated 
¢ Low Power Operation ............. 20mW/MHz Max. Using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high 
e Fast Access Time eneeeee eee ene anes oeeee 220ns Max. performance and low power operation. 
¢ Data Retention ..................020- @ 2.0V Min. 


TTL Compatible Input/Output 
High Output Drive - 1 TTL Load 
Internal Latched Chip Select 
High Noise Immunity 

On-Chip Address Register 
Latched Outputs 

Three-State Output 


Ordering Information 


Plastic DIP -40°C to +85°C 
Ceramic DIP -40°C to +85°C 
* /883 -55°C to +125°C 


On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 


The HM-6551 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention 
supply voltage and supply current are guaranteed over- 
temperature. 


HM3-655 1B-9 HM3-6551-9 
HM1-6551B-9 HM1-6551-9 
HM 1-655 1B/883 HM1-655 1/883 


* Respective /883 specifications are included at the end of this data sheet. 


Pinout Functional Diagram 
22 LEAD DIP 
TOP VIEW 

Aoc 

A1 O—1 LATCHED 

A5 O—1 ADDRESS Spe 

A6 O—4 REGISTER 

A7 © 

ae 

pDio—1 > LI §=GATED COLUMN DATA 

D20—1 > AND DATA VO 
At 


[pn [ BeScRPTON 
[—F[einerane 


SELECT LATCH: 
LLOW-—~ Q=D 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


LATCHED ADDRESS 
REGISTER 


ALL LINES POSITIVE LOGIC-ACTIVE HIGH 


hone Chip see Q LATCHES ON RISING EDGE OF L Tee CUTDU RACTIVE 
i Data Input ADDRESS LATCHES AND GATED DECODERS: DATA LATCHES: 
LATCH ON FALLING EDGE OF E LHIGH—~ Q=D 
boyd Data Output GATE ON FALLING EDGE OF E Q@ LATCHES ON FALLING EDGE OF L 
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Specifications HM-6551 


Absolute Maximum Ratings Reliability Information 

SUDPDIY VONAGG 2.2 uicis Se 0c eh awe te wana tie weds +7.0V Thermal Resistance Ba 8 
Input, Output or /O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 60°C/W 15°C/W 
Storage Temperature Range ................. -65°C to +150°C = Maximum Package Power Dissipation at +125°C 

Junction Temperature... 1.2... . cece cece eee ees +175°C Ceramic DIP Package .......... 000. eee cece e eee eees 0.83/W 
Lead Temperature (Soldering 10s)...................- +300°C Gate Count 0.0.2... cece ccc e cece eee eee ees 1930 Gates 
ESD Classification ..........0. 0. ccc ccc cece eee eee Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................008- +4.5V to+5.5V Operating Temperature Range 
HM-6551B-9, HM-6551-9 ...................- -40°C to +85°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6551B-9, HM-6551-9) 


SYMBOL 


ICCSB Standby Supply Current 
ICCOP Operating Supply Current (Note 1) [3 


TEST CONDITIONS 


pA IO = OmA, VI = VCC or GND, 
VCC = 5.5V 


E = 1MHz, lO = OmA, VCC = 5.5V, 
Vi = VCC or GND, W = GND, 


yA | VCC =2.0V, 10 = OMA, VI = VCC or 
GND, E = VCC 


ICCDR Data Retention Supply Current 


[oveutsaapcunen | v0 


VOH 


Capacitance T, = +25°C 


SYMBOL 
C 


PARAMETER 


CMOS MEMORY 


Input Capacitance (Note 2) f = 1MHz, Ali measurements are 
referenced to device GND 


Output Capacitance (Note 2) 


NOTES: 
1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 
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AC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6551B-9, HM-6551-9) 


LIMITS 
HM-6551B-9 
SYMBOL PARAMETER 


(1) TELQV Chip Enable Access Time 22 
(2) TAVQV Address Access Time 22 


TEST 
CONDITIONS 


UNITS 


Oo 


(Notes 1, 3) 


>) 


(Notes 1, 3, 4) 


(3) TS1LQX Chip Select 1 Output Enable Time 


Tae 


(Notes 2, 3) 


— 
on 
i=) 


(Notes 2, 3) 


(Notes 2, 3) 
300 (Notes 1, 3) 


100 (Notes 1, 3) 


(8) TAVEL Address Setup Time 
(9) TS2LEL Chip Select 2 Output Disable Time 


(Notes 1, 3) 


(Notes 1, 3) 


qi 
oO 


(Notes 1, 3) 


(10) TELAX Address Hold Time 


(Notes 1, 3) 


a_h 


5 (Notes 1, 3) 
(Notes 1, 3) 


2 (Notes 1, 3) 


M 
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0 
20 (Notes 1, 3) 


(19) TELEL Read or Write Cycle Time 
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(Notes 1, 3) 
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[ee] 
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(Notes 1, 3) 


10 
1 
1 
120 
120 
120 


jee] 
a ~ 


1 (Notes 1, 3) 


320 400 


oO 


(Notes 1, 3) 


NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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Timing Waveforms 
READ CYCLE 


(8) raver TELAXe| (10) 
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TRUTH TABLE 


TIME 
REFERENCE 


The HM-6551 Read Cycle is initiated by the falling edge of E. 
This signal latches the input address word and S2 into on 
chip registers providing the minimum setup and hold times 
are met. After the required hold time, these inputs may 
change state without affecting device operation. S2 acts as a 
high order address and simplifies decoding. For the output to 
be read, E, ST must be low and W must be high. S2 must 
have been latched low on the falling edge of E. The output 


Memory Disabled 


Addresses and S2 are Latched, 
Cycle Begins 


| Output Enabled but Undefined 


Data Output Valid 

Outputs Latched, Valid Data, 
S2 Unlatches 

Prepare for Next Cycle 

(Same as -1) 

Cycle Ends, Next Cycle Begins 
(Same as 0) 


data will be valid at access time (TELQV). The HM-6551 has 
output data latches that are controlled by E. On the rising 
edge of E _the present data is latched and remains in that 
state until E falls. Also on the rising edge of E, S2 unlatches 
and controls the outputs along with S1. Either or both S1 or 
$2 may be used to force the output buffers into a high 
impedance state. 
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_HM-6551 


Timing Waveforms (Continued) 
WRITE CYCLE 


(8) 110) 
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twuox (13) 


(18) 


TSILWH 
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REFERENCE 
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TRUTH TABLE 


TIME 


In the Write Cycle the falling edge of E latches the 
addresses and S2 into on chip registers. S2 must be latched 
in the low state to enable the device. The write portion of the 
cycle is defined as E, _W, Si being low and $2 being latched 
simultaneously. The W line may go low at any time during 
the cycle providing that the write pulse setup times (TWLEH 
and TWLS1H) are met. The write portion of the cycle is ter- 
minated on the first rising edge of either E, W, or S1. 


Ifa series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and_hold times 
must be referenced to the first rising edge of E or S1. By 


Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


EE 


FUNCTION 


Cycle Begins, Addresses and S2 
are Latched, 


aia 
ee a 
—x_| 2 [wre is Compictes 
[x [2 | Prepare or Next yo (Sere 35 
A ial 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


positioning the write pulse at different times within the E and 
S1 low time (TELEH), various types of write cycles may be 
performed. If the S1 low time (TS1LS1H) is greater than the 
W pulse plus an output enable time (TS1LQX), a combina- 
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 


The HM-6551 may be used on a common I/O bus structure by 
tying the input and output pins together. The multiplexing is 
accomplished internally by the W line. In the write cycle, when 
W goes low, the output buffers are forced to a high impedance 
state. One output disable time delay (TWLQZ) must be 
allowed before applying input data to the bus. 


SOSA OLOORODALOOSAAHOSCHSSOHSHEHEHSHSOOOLSSSSESOAESHLCCOEOEECE - 
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January 1992 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 


Paragraph 1.2.1. 
¢ Low Power Standby.......... 
¢ Low Power Operation ........ 
e Fast Access Time............ 
¢ Data Retention.............. 
¢ TTL Compatible Input/Output 
¢ High Output Drive — 1 TTL Load 
¢ Internal Latched Chip Select 
¢ High Noise Immunity 
¢ On-Chip Address Register 
e Latched Outputs 
¢ Three-State Output 


Pinout 


HM1-655 1/883 (CERAMIC DIP) 
TOP VIEW 


em [_esscarnon 
T= [eee 
Po [emai 
2 [enon 


CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper I|.C. Handling Procedures 
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FARRIS 


SEMICONDUCTOR 


256 x 4 CMOS RAM 


Description 


The HM-6551/883 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous cir- 
cuit design techniques are employed to achieve high perfor- 
mance and low power operation. On chip latches are 


Fer eM pte anny eee mee provided for address and data outputs allowing efficient 

Bt tasiabes 20mMW/MHz Max. _ interfacing with microprocessor systems. The data output 
buffers can be forced to a high impedance state for use in 

nea Ss 220ns Max. gxnanded memory arrays. 

vteeeeees @2.0VMin. the HM-6551/883 is a fully static RAM and may be main- 
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 

Functional Diagram 


LATCHED 
ADDRESS 
REGISTER 


D 
GATED COLUMN p DATA o a1 
DECODER OUTPUT 
AND DATA VO o Q2 


HM-655 1/883 


> 
S LATCHED ADDRESS 
: REGISTER 
Sod SELECT 
S2 o—-q LATCH :) 
S1 o-d 4 A2 A3 A4 
SELECT LATCH: ALL LINES POSITIVE LOGIC-ACTIVE HIGH 
LLOW—— Q=D 


Q LATCHES ON RISING EDGE OF L 


ADDRESS LATCHES AND GATED DECODERS: 


LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 
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THREE STATE BUFFERS: 
A HIGH 
DATA LATCHES: 
LHIGH—~— Q=D 
Q LATCHES ON FALLING EDGE OF L 


OUTPUT ACTIVE 


File Number 2988 


CMOS MEMORY 


Specifications HM-6551/883 


Absolute Maximum Ratings 


Reliability Information 


SUDDIV VOlA0G i eaeredewaeda cena leusd ieee seis +7.0V Thermal Resistance Oia 8. 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DiP Package............. 60°C/W 15°C/W 
Storage Temperature Range ................. -65°C to+150°C = Maximum Package Power Dissipation at +125°C 

Junction Temperature... 0.2.0... cece ect eens +175°C Ceramic DIP Package ............0ccec cece cee eeee 0.83/W 
Lead Temperature (Soldering 10s)...............0000% +300°C Gate Count 2.0.0.0... cece cece cece eee ce eecees 1930 Gates 
ESD: Classification: ici icnliecenidaee aden one’ Ga eae Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................0000: +4.5V to +5.5V = Input High Voltage... .. 2.2... ce eee eee VCC-2.0V to VCC 
Operating Temperature Range................ -55°C to +125°C _—s Input Rise and Fall Time................ 0 eee e eee 40ns Max. 
Input Low Voltage... 0... cee e eee ee eee OV to +0.8V 


TABLE 1. HM-6551/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
LIMITS 
TEMPERATURE | MIN: | MAX | UNITS 
55°C < Ty S$ +125°C Le 
-55°C < Ty S$ +125°C a 


ia ie 
load bow 

55°C < Ty < +125°C Baal Seal 
ae 
a! 
ae 


(NOTE 1) 
CONDITIONS 


GROUP A 
SUBGROUPS 


VOL VCC = 4.5V 


IOL = 1.6mA 


VOH VCC = 4.5V 


IOH = -0.4mA 


VCC = 5.5V, 
VI = GND or VCC 


VCC = 5.5 V, 
VO = GND or VCC 


VCC = 2.0V, E=VCC 
10 = OmA, 
Vi = VCC or GND 


Current 


Data Retention Supply 
Current 


Operating Supply 
Current 


vcc = 5.5V, (Note 2) 
E = 1MHz, IO =OmA 
Vi = VCC or GND 


“55°C < Ty < +125°C 


V 
pA 
-55°C < Ta < +125°C 
Standby Supply pA 
Current 


VCC = 5.5V, 
lO =OmA 
Vi = VCC or GND 


-55°C < Ty < +125°C 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications HM-655 1/883 


TABLE 2. HM-6551/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
M-6551B/883 | HM-6551/883 


Device Guaranteed and 100% Tested 


SYMBOL CONDITIONS | GROUPS | TEMPERATURE 


Chip Enable (1) TELQV VCC =4.5and |} 9, 10,11 | -55°C < Ty s +125°C 
Access Time 5.5V 


Address Access (2) TAVQV VCC =4.5 and 
Time 5.5V, Note 3 


Chip Select 1 
Output Enable 
Time 


Write Enable 
Output Disable 
Time 


Chip Select 1 (5) TS1HQZ | VCC =4.5and 
Output Disable 5.5V 


(6) TELEH VCC =4.5and | 9, 10,11 | -55°C < Ty, < +125°C 
5.5V 


GROUPA 
(NOTES 1, 2) SUB- 


55°C < Ty $ +125°C 


(3) TS1LQX | VCC=4.5and 
5.5V 


9, 10, 11 


-55°C < Ty $ +125°C 


(4) TWLQZ VCC =4.5 and 
5.5V 


9, 10,11 | -55°C < Ty < +125°C 


9,10, 11 | -55°C < Ty < +125°C 


Time 


Chip Enable Pulse 
Negative Width 


Chip Enable Pulse 
Positive Width 


(7) TEHEL VCC =4.5and | 9, 10,11 | -55°C < T, < +125°C 
5.5V 

(8) TAVEL VCC =4.5and | 9, 10,11 | -55°C < Ty < +125°C 
5.5V 


Address Setup 
Time 


Chip Select 2 
Setup Time 


Address Hold Time 


H 
hee ae 
Chip Select 2 Hold 
Time 
1 


55°C <Ty<4+125°C | 40 


2 
(9) TS2LEL | VvCC=4.5and | 9, 10,11 | -55°C<T,< +125°C 
5.5V 
(10) TELAX | VCC=4.5and | 9, 10,11 | -55°C <T,<+4125°C 
5.5V 
(11) TELS2x | vCC=45and 
5.5V 
(12) TDVWH | VCC=4.5and 55°C < Ty < +125°C cy 
5.5V 


Data Setup Time 


0) 
Data Hold Time 
Chip Select 1 Write 2 
Pulse Setup Time 


Chip Enable Write 
Pulse Setup Time 


Chip Select 1 Write 
Pulse Hold Time 


Chip Enable Write 
Pulse Hold Time 


Write Enable Pulse 
Width 


Read or Write 

Cycle Time 
NOTES: 

1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
IOL = 1.6mA, IOH = -0.4mA, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


0 


(13) TWHDX | VCC=4.5and 55°C < Ty $ +125°C 
5.5V 
(14) TWLS1H | VCC=4.5and | 9, 10,11 | -55°C < Ty < +125°C 
5.5V 
(15) TWLEH [VCC=4.5and | 9, 10,11 | -55°C<T,<+125°C | 120 
5.5V 
(16) TSILWH | VCC=4.5and | 9, 10,11 | -55°C<T,<+125°C | 120 
5.5V 
(17) TELWH |VCC=4.5and | 9,10, 11 | -55°C<T,<+125°C} 120 
5.5V 
12 
2 


(18) TWLWH | VCC=4.5and | 9, 10,11 | -55°C < Ty < 4125°C 
5.5V 


(19) TELEL |VCC=4.5and | 9, 10,11 | -55°C<T,<+125°C 
5.5V 


ial 
hd 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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CMOS MEMORY 


Specifications HM-6551/883 


TABLE 3. HM-6551B/883 AND HM-6551/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE | MIN: | MAX UNITS 


Input Capacitance VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


Output Capacitance VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


fete 
a 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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HM-6551/883 


Timing Waveforms 
READ CYCLE 


(8) raver TELAXe| (10) 
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2 3 4 5 


TRUTH TABLE 


TIME 
REFERENCE 


The HM-655 1/883 Read Cycle is initiated by the falling edge 
of E. This signal latches the input address word and S2 into 
on chip registers providing the minimum setup and hold 
times are met. After the required hold time, these inputs may 
change state without affecting device operation. S2 acts as a 
high order address and simplifies decoding. For the output to 
be read, E, S1 must be low and W must be high. $2 must 
have been latched low on the falling edge of E. The output 


Outputs Latched, Valid Data, 
S2 Unlatches 


FUNCTION 


Addresses and S2 are Latched, 
Cycle Begins 

Output Enabled but Undefined 
Data Output Valid 


Prepare for Next Cycle 

(Same as -1) 

Cycle Ends, Next Cycle Begins 
(Same as 0) 


data will be valid at access time (TELQV). The HM-655 1/883 
has output data latches that are controlled by E. On the ris- 
ing edge of | E the present data is latched and remains in that 
state until E falls. Also on the rising edge of E, S2 unlatches 
and controls the outputs along with S1. Either or both ST or 
S2 may be used to force the output buffers into a high 
impedance state. 
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HM-655 1/883 


Timing Waveforms (Continued) 
(8) (10) 
TAVEL TELA 

A SSS | VALID ORG 
(7) 


TEHEL 


WRITE CYCLE 


mt 
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(16) 
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TIME 
REFERENCE 


In the Write Cycle the falling edge of E latches the 
addresses and S2 into on chip registers. S2 must be latched 
in the low state to enable the device. The write portion of the 
cycle is defined as E, W, S1 being low and S2 being latched 
simultaneously. The W line may go low at any time during 
the cycle providing that the write pulse setup times (TWLEH 
and TWLS1H) are met. The write portion of the cycle is ter- 
minated on the first rising edge of either E, W, or S1. 


If a series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and_hold times 
must be referenced to the first rising edge of E or S1. By 


Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE 


7 7 VA 


ORR ODOR KICK NEXT 


INPUTS OUTPUTS 


eoueusnesonescoesesoses 


(8) 
TAVEL 


\/7 


TS2LEL 


: 


5 ORK, | RRR RRSP 


TWLWH 


(18) 


TSTLWH 


| reno 
[Z| Memory Disabled 
are Latched, 


Write is Completed 
Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


positioning the write pulse at different times within the E and 
$1 low time (TELEH), various types of write cycles may be 
performed. If the S1 low time (TS1LS1H) is greater than the 
W pulse plus an output enable time (TS1LQX), a combina- 
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 


The HM-6551/883 may be used on a common I/O bus struc- 
ture by tying the input and output pins together. The multiplex- 
ing is accomplished internally by the W line. In the write cycle, 
when W goes low, the output buffers are forced to a high 
impedance state. One output disable time delay (TWLQZ) 
must be allowed before applying input data to the bus. 


SOSHHSHSSSESTOSESEOHSOSSSHOEOSOSLOLHSOSLLOTOLELESHHEHEOLOEESS ee 
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HM-655 1/883 


Burn-In Circuit 
HM-6551/883 CERAMIC DIP 


vcc 
C1 
F7 11 | A3 
F6 /2 | a2 F8 
FS | 3] At F2 
F4 | 4 | Ao st Fo 
F9 | 5 | AS FO 
F10 |6 | AG F1 
F11 F3 
y7 | 8 | GND F3 
F3 | 9 | Do F3 
F3 10] Qo F3 
F3 41] D1 F3 
NOTES: 
All resistors 47kQ + 5% 
FO = 100kHz + 10% 
F1=FO+2,F2=F1+2,F3=F2+2...F12=F11+2 
VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 
VIL = -0.2V to +0.4V 
C1 =0.01pF Min. 
Packaging 
22 PIN CERAMIC DIP 


1.085 | 375 
.005 ae [~ 395 7 


—— 


.225 MAX 
4 


015 150 MIN 
060 0° 
1925. .080 MAX a .008 * 15° 
180 * 100 015 
2018 BSC 
023 
.050 * 
“065 * INCREASE MAX LIMIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T22 


MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are ml Dimensions are in inches. 
ax 
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Q3 D3 


HM-6551/883 


HM-655 1/883 


(10 seconds soldering): 


A+2kA 
A+1kA 
Temperature: Ceramic DIP - 460°C (Max) 


Material: Gold Silicon Eutectic Alloy 
WORST CASE CURRENT DENSITY: 


132 x 160 x 19 + Imils 
METALLIZATION: 
Thickness: 11k 
GLASSIVATION: 
Thickness: 8k 
DIE ATTACH: 
1.337 x 10° A/cm? 
LEAD TEMPERATURE 
<300°C 


Type: Si - Al 
Metallization Mask Layout 


Metallization Topology 


DIE DIMENSIONS: 
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NOTE: Pin Numbers Correspond to DIP Package Only. 
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FARRIS 


SEMICONDUCTOR 


aD 


HM-6561 


February 1992 256 x 4 CMOS RAM 
Features Description 
e Low Power Standby................226- 50uW Max. The HM-6561 is a 256 x 4 static CMOS RAM fabricated using 
° Low Power Operation ............. 20mW/MHz Max. self-aligned silicon gate technology. Synchronous circuit design 
techniques are employed to achieve high performance and low 
e Fast Access Time..................... 200ns Max. power operation. 
¢ Data Retention ................e scene @ 2.0V Min. hn chip latches are provided for address and data outputs 


allowing efficient interfacing with microprocessor systems. The 
data output buffers can be forced to a high impedance state for 
use in expanded memory arrays. The data inputs and outputs 
are multiplexed internally for common I/O bus compatibility. 


e¢ TTL Compatible Input/Output 

e¢ High Output Drive - 1 TTL Load 
¢ On-Chip Address Registers 
The HM-6561 is a fully static RAM and may be maintained in 


¢ Common Data In/Out 
any state for an indefinite period of time. Data retention supply 


¢ Three-State Output 
. voltage and supply current are guaranteed over temperature. 
e¢ Easy Microprocessor Interfacing 


Ordering Information 


Plastic DIP -40°C to +85°C HM3-6561B-9 HM3-6561-9 


Ceramic DIP -40°C to +85°C HM1-6561B-9 HM1-6561-9 
* /883 -55°C to +125°C HM1-6561B/883 HM1-656 1/883 


* Respective /883 specifications are included at the end of this data sheet. 


Pinout Functional Diagram 
18 LEAD DIP te 
TOP VIEW Ai c LATCHED GATED 
A5 © ADDRESS ROW 
Ke REGISTER | DECODER 
A7 O > 
craic 3 Pa Te Te Je is 
= 
Lu 
DQ0 o = 
GATED COLUMN 7) 
DECODER = 
oe AND DATAI/O ra 
DQ2 © 
| 
DQ3 oO : 
| PIN | DESCRIPTION 
LATCHED ADDRESS 
Address Input W REGISTER 
fe 7 Chip Enable Eo 
Write Enable SiO 
$2 0 
Chip Select ALL LINES POSITIVE LOGIC-ACTIVE HIGH ADDRESS LATCHES AND GATED DECODERS: 
THREE-STATE BUFFERS: LATCH ON FALLING EDGE OFE 
| Da Data In/Out AHIGH—= OUTPUT ACTIVE GATE ON FALLING EDGE OF E 
DATA LATCHES: 


LHIGH—— Q=D 
Q LATCHES ON FALLING EDGE OF L 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HM-6561 


Absolute Maximum Ratings 


SUPOlY VOHAGO < watcseier bate handGoktaiwwke tia swaes +7.0V 
Input or Output Voltage................ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0.0... cece cee ee eee +175°C 
Lead Temperature (Soldering 10s)............0.ee cues +300°C 
ESD Classification .. 0... 0... cece cect eee eee eeee Class 1 


Reliability Information 
Thermal Resistance Ba ) 


jc 
Ceramic DIP Package............. 74°C/W 18°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package... ccc .ccccs see ce sees eianeees 0.68W 
Gal6 COUnE sa.ciwek yas Suk ta ae Has ORS Ae aS 1944 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range...............0e eee +4.5V to +5.5V 


Operating Temperature Range 
HM-6561B-9, HM6561-9.......... 00. ee ee eee -40°C to +85°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6561B-9, HM-6561-9) 


SYMBOL 


PARAMETER 


OZ Input/Output Leakage Current 
L 


input Low Voltage 


SYMBOL PARAMETER 
Input Capacitance (Note 2) 


ClO Input/Output Capacitance (Note 2) 


NOTES: 
1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


E = 1MHz, IO = OmA, VCC = 5.5V, 
VI = VCC or GND, W = GND, 


VCC = 2.0V, IO = OmA, VI = VCC or 


GND, E = VCC 


= 1MHz, All measurements are 
referenced to device GND 
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AC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6561B-9, HM-6561-9) 


LIMITS 
SYMBOL PARAMETER 


HM-6561B-9 
Chip Enable Access Time 
Address Access Time 
Chip Select Output Enable Time 
Chip Select Output Disable Time 
Chip Enable Pulse Negative Width 
Chip Enable Pulse Positive Width 
Address Setup Time 
Address Hold Time 
Data Setup Time 
Data Hold Time 
Write Data Delay Time 
Chip Select Write Pulse Setup Time 
Chip Enable Write Pulse Setup Time 
Chip Select Write Pulse Hold Time 
Chip Enable Write Pulse Hold Time 
Write Enable Pulse Width 
Read or Write Cycie Time 320 


NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


TEST 
CONDITIONS 


300 (Notes 1, 3) 


220 (Notes 1, 3, 4) 


(Notes 2, 3) 
(Notes 2, 3) 


(Notes 1, 3) 


_ 
o3) 
oO 


wh 
oO 
oS 


(Notes 1, 3) 


(Notes 1, 3) 


(Notes 1, 3) 


_ 
i=) 
oO 
_ 
Oo 
oO 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


(Notes 1, 3) 
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HM-6561 


Timing Waveforms 
READ CYCLE 


(7) Taver 


(7) raver TELAX (8) 
BOSS SSK LVALIO OKO SSO 


N 
i 
_ HIGH 
Ww 


OQ gS 


TELEL (17) 
TEHEL 


(6) 


TELEH 


(5) 


TIME | | | | | | | 
REFERENCE 


TIME 
REFERENCE 


INPUTS OUTPUT 


FUNCTION 


Output Valid 


Z Cycle Ends, Next Cycle Begins (Same as 0) 


NOTE: 1. Device selected only if both ST and S2 are low, and deselected if either ST or S2 are high 


The HM-6561 Read Cycle is initiated on the falling edge of 
E. This signal latches the input address word into on chip 
registers. Minimum address setup and hold times must be 
met. After the required hold time, the address lines may 
change state without affecting device operation. In order to 
read the output data E, ST and S2 must be low and W 
must be high. The output data will be valid at access time 
(TELQV). 


The HM-6561 has output data latches that are controlled 
by E. On the rising edge of E the present data is latched 
and remains latched until E falls. Either or both ST or S2 
may be used to force the output buffers into a high imped- 
ance state. 
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HM-6561 


Timing Waveforms (Continued) 
WRITE CYCLE 


(7) Tavet TELAX (8) 


(7) TAVEL 


BOP OOOO DOR | VAL ROO OOOO DODO DOOR NEXT 


TEHEL 
= (6) 


(15) 


WIIILIILIIIKWAW™WwWUYWWXS 


=| 


(17) 


(6) 
(13) 


ALLLLLLLLLLL KW 


(11) TOVWH TWHOX 
TWLDV (9) (10) 
00 SIRI VALID DATA | HOO 
ap} 
TWLSH 
R/U III" ie) VMI I 0 


TIME — 4 Seek Seed Seen aece eet s: Maok! Rewer eres LEN 
REFERENCE 


-1 0 1 


2 3 4 § 


TRUTH TABLE 


TIME INPUTS 
REFERENCE 
Memory Disabled 


FUNCTION 


Cycle Begins, Addresses are Latched 


Data In is Written 
Write is Completed 


X Cycle Ends, Next Cycle Begins (Same as 0) 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 


The write cycle begins with the E falling edge latching the 
address. The write portion of the cycle is defined by E, S1, 
S2 and W all being low simultaneously. The write portion of 
the cycle is terminated by the first rising edge of any control 
line, E, S1, S2 or W. The data setup and data hold times 
(TDVWH and TWHDX) must be referenced to the terminat- 
ing signal. For example, if S2 rises first, data setup and hold 
times become TDVS2H and TS2HDX; and are numerically 
equal to TDVWH and TWHDxX. 


Data input/output multiplexing is controlled by W. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 


Case 1: Both S1 and S2 Fall Before W Falls. 


If both selects fall before W falls, the RAM outputs will 
become enabled. W is used to disable the outputs, so a dis- 
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWLSL + 
TSHWH are meaningless and can be ignored. 


Case 2: W Falls Before Both S1 and S2 Fall. 


If one or both selects are high until W falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be applied as early as 
convenient, and TWLDV is ignored. Since W is not used to 
disable the outputs it can be shorter than in Case 1; TWLWH 
is the minimum write pulse. At the end of the write period, if 
W rises before either select the outputs will enable, reading 
data just written. They will not disable until either select goes 
high (TSHQZ). 


[| __Jossenve [enone 


CASE1 |BothSiandS2=Low | TWLOQZ | TWLWH 
Before W = Low TWLDV 
TDVWH 


CASE2 | W-=Low Before Both TWLWH | TWLOZ 
ST and S2 = Low TDVWH | TWLOV 


Ifa series of consecutive write cycles are to be performed, 
W may remain low until all desired locations are written. This 
is an extension of Case 2. 


Read-Modify-Write cycles and Read-Write-Read cycles can 
be performed (extension of Case 1). In fact data may be 
modified as many times as desired with E remaining low. 
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CMOS MEMORY 


we HARRIS HM-656 1/883 


February 1992 256 x 4 CMOS RAM 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Power Standby............ceeeeees 50uW Max. 


e Low Power Operation ............. 20mW/MHz Max. 
e Fast Access Time. .......... 2.0 cee eee 200ns Max. 
e Data Retention ........... ccc ecw eens @ 2.0V Min. 


e TTL Compatible Input/Output 
High Output Drive - 1 TTL Load 
¢ On-Chip Address Registers 


¢ Common Data In/Out 
Three-State Output 


Easy Microprocessor Interfacing 


Description 


The HM-656 1/883 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high per- 
formance and low power operation. 


On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. The data inputs 
and outputs are multiplexed internally for common I/O bus 
compatibility. 


The HM-6561/883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 


Pinout Functional Diagram 


HM1-6561/883 (CERAMIC DIP) 
TOP VIEW a 


> 
a 
00000 


pangs dua 


LATCHED 


A 
GATED 
ADDRESS i ROW pene 
REGISTER DECODER 


fa fe 4a f8 
poe 
ae 


DECODER 


Dao ee aa 
pl GATED COLUMN 
A oo le 
pat o He [Latch [4 | AND DATAI/O 
A Ne LA | 
poled 


| ee 
Nee GT 


LAS he 
~—Tsitae | EB 


em [_esscnrnon 
TE [ewe 
[0 [ono 


ZI2l om 
r 


@ a LATCHED ADDRESS 
W a | REGISTER 


> 
> O ° ° 
> i 


ALL LINES POSITIVE LOGIC-ACTIVE HIGH 


THREE-STATE BUFFERS: 
AHIGH—= OUTPUT ACTIVE 


DATA LATCHES: 

LHIGH—~ Q=D 

Q LATCHES ON FALLING EDGE OF L 
ADDRESS LATCHES AND GATED DECODERS: 


LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C Handling Procedures. File Number 2990 
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Specifications HM-6561/883 


Absolute Maximum Ratings 


SUDDIY VONAGGi e554 Ge eee Peers Bias Gee +7.0V 
Input or Output Voltage................ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature. 2... ec cece eee eee +175°C 
Lead Temperature (Soldering 108).............0.0000 +300°C 
ESD Classiticalion +s. 008A trys esd cedar Metra decent Class 1 


Reliability Information 


Thermal Resistance Ba Oc 
Ceramic DIP Package............. 74°C/iW 18°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ............. eee ee eee ee eens 0.68W 
Gale COUN ed cau ta eet ek does than ae 1944 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................-.60, +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
Input Low Voltage... ce eee eee ee ee OV to +0.8V 


Input High Voltage... .. 2.0... cc ee eee eee eee VCC - 2.0V to VCC 
Input Rise and Fall Time....... 2.0... eee ee ee eee 40ns Max 


TABLE 1. HM-6561/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
(NOTE 1) 


PARAMETER SYMBOL CONDITIONS 
Output Low Voltage VOL VCC = 4.5V, 
|} \OL = 1.6mA 


VCC = 4.5V, 
IOH = -0.4mA 


VCC = 5.5V, 
VI = GND or VCC 


VCC = 5.5V, 
VIO = GND or 
VCC 


VCC = 2.0V, 
E = VCC, 
10 = OmA, 


VCC = 5.5V, 
(Note 2), 

E = 1MHz, 
W = GND, 
VI = VCC or GND 


Standby Supply Current VCC = 5.5V, 
IO = OmA, 


Vi = VCC or GND 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 


GROUP A 
SUBGROUPS TEMPERATURE | Min, | MAX | UNITS 


LIMITS 


1,2,3 -55°C < Ty $ +125°C -1.0 


1,2,3 -55°C < Ty < +125°C 


-55°C < Ty S$ +125°C 


-55°C < Ty < +125°C 


-55°C < Ty $ +125°C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HM-6561/883 


TABLE 2. HM-6561/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
LIMITS 
GROUP A HM-6561B/883 | HM-6561/883 
(NOTES 1, 2) SUB- 
PARAMETER SYMBOL CONDITIONS | GROUPS | TEMPERATURE | MIN. | 

Chip Enable (1) TELQV | VCC =4.5 and 55°C $ Ty $ +125°C 

Access Time 5.5V 

Address Access (2) TAVQV | VCC =4.5 and -55°C < Ty S$ +125°C | 
Time 5.5V, (Note 3) 


55°C < Ty $ +125°C 


Cc 


NITS 


Chip Select (3) TSLQX | VCC = 4.5 and 
Output Enable 


Time 


Chip Select 
Output Disable 
Time 


Chip Enable Pulse (5) TELEH | VCC =4.5 and 
Negative Width 5.5V 

Chip Enable Pulse (6) TEHEL | VCC =4.5 and 

Positive Width 5.5V 

Address Setup (7) TAVEL | VCC =4.5 and 9,10,11 | -55°C <T, $+125°C 
Time 5.5V 


(4) TSHQZ | VCC = 4.5 and 9,10,11 | -55°C < Ty <$ +125°C 


-55°C $ Ty S$ +125°C 
~55°C < Ty S$ +125°C 


Address Hold Time (8) TELAX | VCC =4.5 and -55°C < Ta $ +125°C 
5.5V 


Data Setup Time (9) TDVWH | VCC = 4.5 and 9, 10, 11 -55°C <$ Ta < +125°C 
5.5V 


Data Hold Time (10) TWHDX | VCC =4.5 and 9,10,11 | -55°C < Ty <+125°C 
5.5V 
Write Data Delay (11) TWLDV | VCC =4.5 and 
Time 5.5V 
Chip Select Write (12) TWLSH | VCC =4.5 and 9,10,11 | -55°C <T, <+125°C 
Pulse Setup Time 5.5V 
Chip Enable Write (13) TWLEH | VCC =4.5 and | -55°C < Ty $ +125°C 
Pulse Setup Time 5.5V 
Chip Select Write (14) TSLWH | VCC = 4.5 and -55°C < Ty $ +125°C 
Pulse Hold Time 5.5V 
Chip Enable Write | (15) TELWH | VCC = 4.5 and 9,10,11 | -55°C < Ty < +125°C 
Pulse Hold Time 5.5V 
Write Enable Pulse | (16) TWLWH | VCC = 4.5 and 
Width 5.5V 
Read or Write (17) TELEL | VCC =4.5 and 9,10,11 | -55°C < Ty <+125°C 
Cycle Time 5.5V 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
IOL = 1.6mA, IOH = -0.4mA, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


-55°C < Ty S$ +125°C 


55°C < Ty < +125°C 


iS 
Sel ia 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
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TABLE 3. HM-6561/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER CONDITIONS NOTE | TEMPERATURE ; MIN, | MAX. | UNITS 
Input Capacitance VCC = Open, f = 1MHz, Ty = +25°C pF 
All Measurements 
Referenced to Device 
Ground 
Output Capacitance {| VCC = Open, f = 1MHz, Z Ty = +25°C aie 
NOTE: 


All Measurements 
Referenced to Device 

1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 

process and/or design changes. 


SYMBOL 
Cl 


Ground 


TABLE 4. APPLICABLE SUBGROUPS 


i 
a 


Test Load Circuit 
> 
om 
Oo 
Ss 
= 
DUT ¢ ' 
re) 
s 
Oo 
@> IOL 
* TEST HEAD 
CAPACITANCE, 
aNG JIG REL ANGE EQUIVALENT CIRCUIT 


. e 
POOP HOHE OREO EEO S SEO RESEEOTEEDOOOETOEEEOOOETEAOAESOEHEOOEEEE DOORS OSERECOROOSDEESHSHS BOF 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
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HM-656 1/883 


Timing Waveforms 


READ CYCLE 
(7) taver TELAX fae (8) (7) taver 
MPSS SS SSSI EYAL KOSS COOOOOK _| 


TIME | ! { { | { 
REFERENCE 


-1 0 1 


2 3 4 5 


TRUTH TABLE 


TIME 
REFERENCE 


FUNCTION 


OO 


Cycle Begins, Addresses are Latched 
Output Enabled 


Output Latched 
Device Disabled, Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


a 
ae ee ee ee 
i a eC ae 
eee ee I ea a 

en a es 

ae ae ee ee ee 


NOTE: 1. Device selected only if both ST and S2 are low, and deselected if either ST or S2 are high 


The HM-6561/883 Read Cycle is initiated on the falling 
edge of E. This signal latches the input address word into 
on chip registers. Minimum address setup and hold times 
must be met. After the required hold time, the address 
lines may change state without affecting device operation. 
In order to read the output data E, ST and S2 must be low 
and W must be high. The output data will be valid at 
access time (TELQV). 


The HM-6561/883 has output data latches that are con- 
trolled by E. On the rising edge of E the present data is 
latched and remains latched until E falls. Either or both ST 
or S2 may be used to force the output buffers into a high 
impedance state. 
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HM-6561/883 


Timing Waveforms (Continued) 
WRITE CYCLE 


(7) TAVEL TELAX ke (8) 


(7) TAVEL 


BOO OOP DOK | VALE ROO POOP PPP POD DIOR |NEXT 


TEHEL 


is (6) 
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(6) 


(13) 
(15) 
U/L IWK4WNNNXS MLL C—C—WICWWW 


(11) TDVWH TWHDX 
TWLDV (9) (10) 


OMI WKWXKW"W 


14) 
TSLWH 
a emenaia 
(12) 


ALLL SSW 


TIME | = Ce Dee! See een, eee eee cae ee 
REFERENCE 


-1 0 1 


2 3 4 5 


TRUTH TABLE 


TIME INPUTS 


FUNCTION 


Memory Disabled 
| Cycle Begins, Addresses are Latched 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high 


The write cycle begins with the E falling edge latching the 
address. The write portion of the cycle is defined by E, S1, 
S2 and W all being low simultaneously. The write portion of 
the cycle is terminated by the first rising edge of any control 
line, E, S1, S2 or W. The data setup and data hold times 
(TDVWH and TWHDX) must be referenced to the terminat- 
ing signal. For example, if S2 rises first, data setup and hold 
times become TDVS2H and TS2HDX; and are numerically 
equal to TDVWH and TWHDX. 


Data input/output multiplexing is controlled by W. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 


Case 1: Both S1 and S2 Fall Before W Falls. 


If both selects fall before W falls, the RAM outputs will 
become enabled. W is used to disable the outputs, so a dis- 
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWLSL + 
TSHWH are meaningless and can be ignored. 


Case 2: W Falls Before Both S1 and S2 Fall. 


If one or both selects are high until W falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be applied as early as 
convenient, and TWLDV is ignored. Since W is not used to 
disable the outputs it can be shorter than in Case 1; TWLWH 
is the minimum write pulse. At the end of the write period, if 
W rises before either select the outputs will enable reading 
data just written. They will not disable until either select goes 
high (TSHQZ). 


[Tossa [enone 


CASE1 | BothStandS2=Low | TWLOZ | TWLWH 
Before W = Low TWLDV 
TDOVWH 
CASE2 | W-=Low Before Both TWLWH | TWLQZ | 
S1 and S2 = Low TDVWH TWLDV 
Ifa series of consecutive write cycles are to be performed, 


W may remain low until all desired locations are written. This 
is an extension of Case 2. 


Read-Modify-Write cycles and Read-Write-Read cycles can 
be performed (extension of Case 1). In fact data may be 
modified as many times as desired with E remaining low. 
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HM-656 1/883 


Burn-In Circuit 


HM-6561/883 CERAMIC DIP 
VCC oy 

F6 11 | A3 ae 
F5 }2 | A2 F7 
F4 3 | at F1 
F3 [4 | Ao FO 
F8 rs | AS F2 
FQ 6 | AG F2 
F10 F2 

c 18 | GND F2 
FO OG FO 


NOTES: 

All resistors 47kQ +5% 

FO = 100kHz +10% 

F1 =FO+2,F2=F1+2,F3=F2+2...F12=F11+2 
VCC = 5.5V +0.5V 

VIH = 4.5V +10% 

VIL = -0.2V to +0.4V 

C1 = 0.01pF Min. 


Packaging 
18 PIN CERAMIC DIP 


882 


.005 MIN Z - | 
oe 


a 
2015 150 MIN 
060 
425. .098 MAX 
180 ‘ 100 
sos asc 
023 P 
050 
065 « INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
- SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 


MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are — Dimensions are in inches. 
ax 
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HM-656 1/883 


Metallization Topology 
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METALLIZATION: 


A+2kA 


Type: Si - Al 


Thickness: 11k 
GLASSIVATION: 


A+1kA 


Type: SiO. 


Thickness: 8k 


oy 
oO 
= 
a8 
Lo 
ov 
8a. 
sO 
Wo 
[ 
BAO 
Os: 
oo 
-~() 5 
528 
qo 
Fee 
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wee 
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WORST CASE CURRENT DENSITY: 


2 


1.337 x 10° A/cm 
LEAD TEMPERATURE (10 seconds soldering): 


< 300°C 


Metallization Mask Layout 


HM-6561/883 


DQ3 DQ2 


DQ1 


DQO 


AYOWSW SOWD 


Ct ere i 6 (ite Ee EME Ee eo ee ae 
CE MTN TMT OTR M Te EME Tee eT Ee Fee 


Fran ier a 


oe oe ae ee 


A7 


AS A6 


AO 
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@ HARRIS HM-6504 


eae 4096 x 1 CMOS RAM 

Features Description 

¢ Low Power Standby...............206. 125uW Max. The HM-6504 is a 4096 x 1 static CMOS RAM fabricated 

, using self-aligned silicon gate technology. The device utilizes 

LOW FOWel: OPOraMon siscsssins w/elesiks Sone synchronous circuitry to achieve high performance and low 

¢ Data Retention ......... cece eee wees @2.0V Min. power operation. 

e TTL Compatible Input/Output On chip latches are provided for addresses, data input and 
data output allowing efficient interfacing with microprocessor 

ointes-clate Ouiput systems. The data output can be forced to a high impedance 

e Standard JEDEC Pinout state for use in expanded memory arrays. 

¢ Fast Access Time.................. 120/200ns Max. Gated inputs allow lower operating current and also elimi- 

¢ 18 Pin Package for High Density nate the need for pull up or pull down resistors. The 
HM-6504 is a fully static RAM and may be maintained in any 

¢ On-Chip Address Register state for an indefinite period of time. 

. rte oes - No Pull Up or Pull Down Resistors pata retention supply voltage and supply current are guaran- 

uire 


teed over temperature. 


Ordering Information 


| __ PACKAGE | TEMPERATURERANGE | _tzone | tons | 00s 
Plastic DIP -40°C to +85°C HM3-6504S-9 HM3-6504B-9 HM3-6504-9 
Ceramic DIP -40°C to +85°C HM1-6504S-9 HM1-6504B-9 HM1-6504-9 


* /883 -55°C to +125°C HM1-6504S/883 HM1-6504B/883 HM1-6504/883 
810240IVA 8102403VA 8102405VA 


SMD # 
-40°C to +85°C a HM4-6504B-9 HM4-6504-9 
aoe one [rome [raion 


*Respective /883 specifications are included at the end of this data sheet. 


Pinouts 


18 LEAD DIP 
TOP VIEW 


18 LEAD LCC 
TOP VIEW 


[rn [_DEScRIPTION 
(—E_| cringe —_ 
e 
<a 


-4 
Data Input A2 |3! A7 
—% 
Data Output A3 [4! As 
-% 
A4 {5} AQ 
6! A10 
“7 
7! Alt 
r-I r= 
t i] 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2994 


Copyright © Harris Corporation 1992 
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HM-6504 


Functional Diagram 


64 


-—1GATED COLUMN] D 
DECODER AND 
DATA I/O 


ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: s A 
A HIGH > OUTPUT ACTIVE LSB A11 A5 A4 A3 AQ A10 
CONTROL AND DATA LATCHES: 
L LOW >Q=D 
Q LATCHES ON RISING EDGE OF L 
ADDRESS LATCHES: eS 
LATCH ON FALLING EDGE OF E 
GATED DECODERS: 
GATE ON RISING EDGE OF G 
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Specifications HM-6504-9 


Absolute Maximum Ratings 


SUDDLY: VONAGG O06 el he eae aes Sesea wi tobn +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature. ... 0.0... cece cece eee +175°C 
Lead Temperature (Soldering 10s)...............0000: +300°C 
ESD Classification iy c..hs 0 pierces twee ss hiseeew as Class 1 


Reliability Information 


Thermal Resistance ................ Ba 8 


Ceramic DIP Package............. 66°C/W 12°C/W 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package.............. eee cece cree eens 0.75W 
Gale COUN 43 bs weiwlta hiss eset enue ideas 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range.................208- +4.5V to +5.5V 


Operating Temperature Range 
HM-6504S-9, HM-6504B-9, HM-6504-9 ........ -40°C to +85°C 
HM-6504B-8, HM-6504-8 .................. -55°C to +125°C 


DC Electrical Specifications VCC = 5V + 10%; T, = -40°C to +85°C (HM-6504B-9, HM-6504-9) 
Ta = -55°C to +125°C (HM-6504B-8, HM-6504-8) 


Standby Supply Current 


HM-6504-8 


ICCOP Operating Supply 
Current (Note 1) 


Data Retention Supply 
Current 


HM-6504-8 
VCCDR Data Retention Supply Voltage 
Input Leakage Current 


Capacitance T, = +25°C 


Output Capacitance (Note 2) 


NOTES: 
1. Typical derating 5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


SYMBOL PARAMETER he UNITS TEST CONDITIONS 


ae 

a 
sr 
[nr [rearpnvones ___—_—=*ds veo 
a 


Input Capacitance (Note 2) a 


1O = OmA, E = VCC -0.3V, 
VCC =5.5V 


mA E= 1MHz, lO = OmA, VI 
VCC = 5.5V 


= GND, 


IO = OmA, VCC = 2.0V, E=VCC 


= 
> 


= 
> 


acai 


TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 


ro) s. 
& roo) 
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AC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6504S-9, HM-6504B-9, HM-6504-9) 


Ty = -55°C to +125°C (HM-6504B-8, HM-6504-8) 
PARAMETER 


(1) TELQV Chip Enable Access Time 


(2) TAVQV Address Access Time 


eae 
(3) TELQX Chip Enable Output Enable 
Time 
i 


TEST 
CONDITIONS 


(Notes 1, 3, 4) 


(Notes 2, 3) 


SYMBOL UNITS 


320 


| iz 
(4) TEHQZ_ | Chip Enable Output Disable 
Time 
(5) TELEH Chip Enable Pulse Negative 200 
Width 
(6) TEHEL Chip Enable Pulse Positive 
Width 


(7) TAVEL Address Setup Time ) 20 


(Notes 2, 3) 
(Notes 1, 3) 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


12 


= 
Ce 
pees = 
Laie 
Pe |= |= |- [= 
(8) TELAX Address Hold Time Pao | | 50 50 
(9) TWLWH {Write Enable Pulse Width Pager he 
(10) TWLEH | Write Enable Pulse Setup 70 
Time 
(11) TWLEL | Early Write Pulse Setup 
Time 
Lees 
ee ee 
Paes 
Te 


Setup Time 


(18) TELEL Read or Write Cycle Time 


(Notes 1, 3) 


(Notes 1, 3) 


(Fe) 


420 


has el 


NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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HM-6504 


Timing Waveforms 
READ CYCLE 


SRE LLL LTE LR EIT ROLE 
555055 OK OCI BR OK 


W HIGH 


TIME —_ sf Se ener: Sea cea CO NI A CONN Re 
REFERENCE 


1 0 1 


2 3 4 5 


TRUTH TABLE 


Output Enabled 


Output Valid 
Read Accomplished 
Prepare for Next Cycle (Same as -1) 


Cycle Begins, Addresses are Latched 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


EARLY WRITE CYCLE 


OR IO529 


x) 
SSCS, 


a HIGH-2 


Cycle Ends, Next Cycle Begins (Same as 0) 


enabled but the data is not valid until during time (T = 2). W 
must remain high for the read cycle. After the output data 
has been read, E may return high (T = 3). This will disable 
the output buffer and all input and ready the RAM for the 
next memory cycle (T = 4). 


OOOO) 
BBS Y 


HIGH-2 


REFERENCE 


1 2 3 4 


TRUTH TABLE 


INPUTS 


Cee eee eee: 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E 
(T = 0), the addresses, the write signal, and the data input 
are latched jn on chip registers. The logic value of W at the 
time E falls determines the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched into the high impedance state and will remain in that 


[Pus «dCTP 
rmenerenence [E_[ W | A [> [| a _ FUNCTION 


Pov fo ov fo oz Cycle Begins, Addresses are Latched 


ee 


Write Completed 


| Prepare for Next Cycle (Same as - 1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


state until E returns high (T = 2). For this cycle, the data 
input is latched by E going low; therefore data set up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state the output buffer and all inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 
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HM-6504 


Timing Waveforms (Continued) 


LATE WRITE CYCLE 
(7) VAVEL 
(8) ees 
2 OD eee ee ne 
t TEHE 

(6) (10) TWLEH 6). 

: x TWLWH 4 7 

" S\N YYW, Wg 


BOO O IO Oe AID 
OO SPS 250 
Sere’ 


One 


“o"e"0"0"a" 07" 0"0' se" e% 0 0% 0%s aa a aa nt e*a* ante”, 
[A AAAAA OOOO) ) ° 

a nretatetetetetetetetotetetotetety eeatetetetetete © .¢ Oo Ae. 

) enero etetererereet eee 

e, 


O 
eee OOOO OOOO ° 
oO OOOO o 
00 ,0,9,0, 0,0, 0,0, 0,0,0, 0.0.0.0. 0.0.0.0.0.0. 


5 
SOOO IC ocore 
e PIG Me 2 
TIME 
REFERENCE 


INPUTS OUTPUTS 
FUNCTION 


xX Memory Disabled 
Cycle Begins, Addresses are Latched 
Write Begins, Data is Latched 


© ,9.9.9 
S550) 


Write In Progress Internaily 
Write Completed 
Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


The late write cycle is a cross between the early write cycle between these two cases. With this cycle the output may 
and the read-modify-write cycle. become active, and may become valid data, or may remain 
active but undefined. Valid data is written into the RAM if 


Recall that in the early write the output is guaranteed to ; ~ 
Ke ges : : h a 
remain high impedance, and in the read-modify-write the data setup, data hold, write setup and write pulse widths are O 
4. :. observed. s 
output is guaranteed valid at access time. The late write is nT 
= 
” 
S 
Test Load Circuit O 
DUT ¢ 
Or 
* TEST HEAD 
CAPACITANCE, 
aie Cane EQUIVALENT CIRCUIT 


e 
WO DOSSEH TSE SEAESEOESEESSSEEOSSEOSHSOSSOERS SHEETS SSESOSOHOTSESOSSSHS HS OO EEESSESSSERETEODSOSOS 
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Features 


This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Power Standby.................6. 125.W Max. 
¢ Low Power Operation ............. 35mW/MHz Max. 
¢ Data Retention .............0ceeeeeees @2.0V Min. 


¢ TTL Compatible Input/Output 

¢ Three-State Output 

e Standard JEDEC Pinout 

e Fast Access Time. .............506- 120/200ns Max. 
¢ 18 Pin Package for High Density 

On-Chip Address Register 


Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


Pinout 


HM1-6504/883 (CERAMIC DIP) 
TOP VIEW 


HM-6504/883 


4096 x 1 CMOS RAM 


Description 


The HM-6504/883 is a 4096 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. The 
device utilizes synchronous circuitry to achieve high perfor- 
mance and low power operation. 


On chip latches are provided for addresses, data input and 
data output allowing efficient interfacing with microprocessor 
systems. The data output can be forced to a high impedance 
state for use in expanded memory arrays. 


Gated inputs allow lower operating current and also elimi- 
nate the need for pull up or pull down resistors. The 
HM-6504/883 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


Functional Diagram 


64 x 64 
MATRIX 


64 
GATED COLUMN 
LATCH} AY ->—1—] ‘DECODER AND |-—{LATCH 
PTE 


i. Oe Data Input 
ee | Data Output 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |1.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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| PIN | DESCRIPTION ALL LINES ACTIVE HIGH-POSITIVE LOGIC 

pect em ‘ual 

+ LSB A11 AS A4 A3 AS A10 
pecresssnput CONTROL AND DATA LATCHES: 
: Ow —>Q=D 
Chip Enable Q LATCHES ON RISING EDGE OF L 
— ADDRESS LATCHES: 7 

Write Enable LATCH ON FALLING EDGE OF E 

GATED DECODERS: 

GATE ON RISING EDGE OF G 


File Number 2993 


Specifications HM-6504/883 


Absolute Maximum Ratings 


SUPDIY VONAQS 1 a. b's 5c ke dosti d raise dealin ee peek eone +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0.0... ccc eee ee eee +175°C 
Lead Temperature (Soldering 10s)................008. +300°C 
ESD Classitication ai wscn es Mabe Siew eed aadon ee Class 1 


Reliability Information 


Thermal Resistance ................ Ba 8. 
Ceramic DIP Package............. 66°C/W 12°C/W 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ............- 2 cece eee eee eee 0.75W 
Gate: Count ica cores ewes eee R hee nee eA RO 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied 


Operating Conditions 


Operating Voltage Range..................... +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 


Input Low Voltage .......... ce eee eee eee eee -0.3V to +0.8V 
Input High Voltage...............008. VCC -2.0V to VCC +0.3V 


TABLE 1. HM-6504/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


(NOTE 1) 
CONDITIONS 


VCC = 4.5V, 


Output High Voltage VOH 
IOH = -1.0mMA 
Input Leakage Current VCC = 5.5V, 
VI = GND or VCC 
Output Leakage Current 
ICCDR 


Data Retention Supply Current 
ICCOP 
ICCSB 
NOTES: 


1. All voltage referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP 


VCC = 2.0V, 
E = VCC, 
IO = OmA, 


Operating Supply Current VCC = 5.5V, 
(Note 2), 
E = 1MHz, 


iO = OmA 


Standby Supply Current VCC = 5.0V, 
E = VCC -0.3V, 


10 = OmA 


GROUP A 
SUBGROUPS TEMPERATURE MIN | MAX | UNITS 
Output Low Voltage VOL VCC = 4.5V, 1,2,3 -55°C < Ty S$ +125°C 0.4 V 
IOL = 2mA 
55°C < Ty < 4125°C 
a | 55°C < Ty $ +125°C 


VCC = 5.5V, 
VO = GND or VCC 


io ee 
(el eee al 
ene 
ele 
¥ 
a 


-55°C < Ty $ +125°C 


-55°C < Ty < +125°C 


-55°C < Ty < +125°C 


-55°C < Ty $ +125°C 


CAUTION: These devices are sensitive to electronic discharge. Proper |C handling procedures should be followed. 
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Specifications HM-6504/883 


TABLE 2. HM-6504/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
LIMITS 
GROUP 


HM-6504S/883 | HM-6504B/883 | HM-6504/883 
(NOTES 1, 2) A SUB- | TEMPERA- 
PARAMETER SYMBOL 
7 


UNITS 


CONDITIONS | GRouPS | TURE | MIN | | MAX 
Chip Enable (1) TELQV | vcC=45and | 9,10,11 | -55°C<T, 200 
Access Time 5.5V S$ +125°C 

Address Access | (2) TAVQV | VCC =4.5and | 9,10,11 | -55°C<Ty, 

Time 5 5V, Note 3 S$ +125°C 


12 


Chip Enable (5) TELEH | VCC =4.5 and 
Pulse Negative 5.5V 
Width 
Chip Enable (6) TEHEL | VCC=4.5and | 9,10,11 | -55°C< Ty 
Pulse Positive 5.5V < +125°C 
Width 
Address Setup (7) TAVEL | VCC =4.5 and -55°C < Ta 
Time 5.5V < +125°C 
Address Hold (8) TELAX |VCC=45and | 9,10,11 | -55°C<T, 
Time 5.5V < +125°C 
Write Enable (9) TWLWH | VCC = 4.5 and 
Pulse Width 5.5V 


Write Enable (10) TWLEH | VCC =4.5 and 
Pulse Setup 5.5V 


(41) TWLEL | VCC =4.5 and 
5.5V < +125°C 
(13) TELWH | VCC =4.5 and 55°C < Ty 
5.5V < +125°C 


(6) 
55°C <T, | 70 
< +125°C 


-55°C < Ta 


(15) TDVEL VCC = 4.5 and -55°C < Ta 
Setup Time 5.5V $ +125°C 
Data Hold Time | (16) TWLDX | VCC =4.5 and 
| 5.5V < +125°C 
Early Write Data | (17) TELDX | VCC =4.5 and -55°C < Tay 
Hold Time 5.5V S$ +125°C 
Read or Write (18) TELEL VCC =4.5and | 9,10,11 | -55°C<T, | 170 
Cycle Time 5.5V S$ +125°C 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0 8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


55°C < Ty 


55°C < Ty 
<$ +125°C 

(14) TDVWL | VCC =45 and 55°C < Ta 
5.5V < +125°C 


bal 
ie 
Mia 


a baal 
faa Die fae 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. - 
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TABLE 3. HM-6504/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


HM-6504S/883 
LIMITS 
PARAMETER SYMBOL NOTE | TEMPERATURE UNITS 
Input Capacitance 4 Ty = +25°C 


Output Capaci- Ty = +25°C 
to Device Ground 


Ci 
co 
tance 
Chip Enable Output | (3) TELQX | VCC = 4.5 and 5.5V 1 -55°C $ Ty $ +125°C 
Disable Time 
(4) TEHQZ | VCC = 4.5 and 5.5V 1 -55°C $ Ta <$ +125°C 
HM-6504S/883 


VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


VCC = Open, f = 1MHz, All 
Measurements Referenced 


Chip Enable Output 
VCC = 4.5 and 5.5V -55°C $ Ta S$ +125°C 


Disable Time 
HM-6504B/883 
VCC = 4.5 and 5.5V -55°C < Ta $ +125°C 
HM-6504/883 


Write Enable Read | (12) TWHEL | VCC =4.5 and 5.5V -55°C $ Ty $ +125°C 

Mode Setup Time 

High Level Output VOHL VCC = 4.5V, IO = -100HA -55°C < Tas VCC -0.4 
Voltage 4+125°C 


1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


a 
cc 


1,7,9 
Group A Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


CMOS MEMORY 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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HM-6504/883 


Timing Waveforms 
READ CYCLE 


OX) O 
9252000 


OO) 


Ww HIGH 


tee eee ene etetennnee greene snennneresresmsnamntntenntnatesinerrstrnrentnnses oe asnntnthennernenenitnesanSnnneenesee 
TIME em Dee omnes, Ween enmees, Ee enverer nee: ee er oe 
REFERENCE 


-1 0 ‘ 2 3 4 5 


FUNCTION 


[Z| Memory Disabied 
a ae Cycle Begins, Addresses are Latched 
[x ___| Output Enabied 


TRUTH TABLE 


v 

v 
[2] Prepare forex Gyo Gameas 
[2 [ete Ends, Next Cycle Begins (Same as 0) 


The address information is latched in the on chip registers | enabled but the data is not valid until during time (T = 2). Ww 
on the falling edge of E (T = 0). Minimum address set up and =must remain high for the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 


time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


the output buffer and all input and ready the RAM for the 
next memory cycle (T = 4). 


EARLY WRITE CYCLE 


MOOK IMSS h, 
toteretetete® 


1, ©, 0. @ © 0°00 0 @ @: 
0,9. 0.0.0.9. 0.0 @. 


SSO 


ROSSI 


BPSCCO IOC ICICI 


:@.0.@ o.0.0.¢ 


HIGH-Z 


Memory Disabled 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E 
(T = 0), the addresses, the write signal, and the data input 
are latched in on chip registers. The logic value of W at the 
time E falls determines the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched into the high impedance state and will remain in that 


Cycle Ends, Next Cycle Begins (Same as 0) 


state until E returns high (T = 2). For this cycle, the data 
input is latched by E going low; therefore data set up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state the output buffer and all inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 
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Timing Waveforms (Continued) 
LATE WRITE CYCLE 


(8) {7} 


TELAX TAVEL 


SSSSS cx? 


a 


9%a%a"e%e%e%er er ere eer e sees ee ose eee ’ aaa ea V eMC at eteGe Pee GeGe, POO IO. o, 
se asests ts tatctacatetcectatatatatetetc® Satatatatets: SERIO e' ese eesececececegenececocecesen 

0 OPI? eatatetetatene avecerans SI 9 R005 2505 occseceecegnconenece 
SI RRR RK en 5 “2 SO III 


(3) Jp rev0x (4) 
HIGH 2 1505050505 e Oe 
Q + , 
0 R552 “> or 
TIME 
REFERENCE 


The late write cycle is a cross between the early write cycle between these two cases. With this cycle the output may 
and the read-modify-write cycle. become active, and may become valid data, or may remain 
active but undefined. Valid data is written into the RAM if 
data setup, data hold, write setup and write pulse widths are 
observed. 


Recall that in the early write the output is guaranteed to 
remain high impedance, and in the read-modify-write the 
output is guaranteed valid at access time. The late write is 


) 
> 
co 
Oo 
= 
Lu 
= 
wn 
Oo 
= 
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Test Load Circuit 


DUT @ 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIG CAPACITANCE} EQUIVALENT CIRCUIT 
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Burn-In Circuit 


HM-6504/883 CERAMIC DIP 
VCC oy 

F3 11} AO Lee 
F4 [2] at Fo 
F5 13] A2 F10 
F6 | 4] A3 F11 
F7 5] A4 Fi2 
F8 16] AS F13 
F2 F14 
Fi 8 F2 

19] GND FO 


NOTES: 

All resistors 47kW + 5% 

FO = 100kHz + 10% 

Fi =FQ+2,F2=F1+2,F3=F2+2...F12=Fi11+2 
VCC = 5.5V +0.5V 

VIH = 4.5V + 10% 

VIL = -0.2V to +0.4V 

C1 = 0.01pF Min. 


Packaging 
18 PIN CERAMIC DIP 


.882 


.915 
.005 MIN 
i 


200 MAX 
126 


—— 
2015 150 MIN 
.060 e 
125 .098 MAX 15° 
1 * .100 
80 .016 bee 
.023 2 
.050 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 


MATERIALS: Compliant to MIL-M-38510 


NOTE: Al! Dimensions are a, Dimensions are in inches. 
ax 
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Metallization Topology 


DIE DIMENSIONS: 
136 x 169 x 19 + 1Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11 kA + 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.79 x 10° A/cm? 


LEAD TEMPERATURE (10 seconds soldering): 
< 300°C 


Metallization Mask Layout 


“ee 
vcc 


| pM a ee i iia 


Elle 


eneees| 
ae 


RRR RR AR AR 


~ 


it 


ieee 
yo: 
4 - 
3: 
4: 
ye 
ae 
By 
: ee 
abe 
40 
3 
A ieee 
qi: 


. 


morn rm rore rere 


CMOS MEMORY 


W GND €E D 
NOTE: Pin Numbers Correspond to DIP Package Only. 
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Features 
e Low Power Standby................68:. 125u.W Max. 
¢ Low Power Operation ............. 35mW/MHz Max. 
¢ Data Retention ...........0c ce eneeweee @2.0V Min. 


e TTL Compatible Input/Output 

e Common Data Input/Output 

¢ Three-State Output 

e Standard JEDEC Pinout 

e Fast Access Time. ...........-20005 120/200ns Max. 
¢ 18 Pin Package for High Density 

¢ On-Chip Address Register 

¢ Gated Inputs - No Pull Up or Pull Down Resistors Required 


Ordering Information 


Ceramic DIP 
*/883 
JAN# 
SMD# 
LCC 


-55°C to +125°C 


|_PACKAGE | TEMPERATURERANGE | 120ns_ | 200ns_ | 8000s 
Plastic DIP -40°C to +85°C HM3-6514S-9 HM3-6514B-9 HM3-6514-9 
-40°C to +85°C HM1-6514S-9 HM1-6514B-9 HM1-6514-9 


-55°C to +125°C HM1-6514S/883 
EE 
So 
oe 


HM-6514 


1024 x 4 CMOS RAM 


Description 


The HM-6514 is a 1024 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 


On chip latches are provided for addresses allowing efficient 
interfacing with microprocessor systems. The data output 
can be forced to a high impedance state for use in expanded 
memory arrays. 


Gated inputs allow lower operating current and also elimi- 
nate the need for pull up or pull down resistors. The 
HM-6514 is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


HM1-6514B/883 HM1-6514/883 


HM4-6514B-8 HM4-6514-8 


* Respective /883 specifications are included at the end of this data sheet. 


Pinouts 


18 LEAD DIP 
TOP VIEW 


[ex [_pescnrTon 
[=| oinenatie ——_ 
es Ce 
[a [ae ower 


18 LEAD LCC 
TOP VIEW 


A8 
AQ 
DQO 
DQt 


“4 
33 
“4 
45 
“4 
33 
“4 
8; 
“9 
14 


DQ2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 2995 
Copyright © Harris Corporation 1992 
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HM-6514 


Functional Diagram 


MATRIX 


LATCHED 
ADDRESS 
REGISTER 


COLUMN 
VO SELECT 


CMOS MEMORY 
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Specifications HM-6514 


Absolute Maximum Ratings Reliability Information 

SUDDIY VONAGG eins die Weeden Ga eawraee de Soke Kan'e dean +7.0V Thermal Resistance Bia Qc 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 66°C/W 12°C/W 
Storage Temperature Range ................. -65°C to +150°C Maximum Package Power Dissipation at +1 25°C 

Junction Temperature... 0... cece eee ene +175°C Ceramic DIP Package ............cccceeceeeeeeeees 0.75W 
Lead Temperature (Soldering 10s)..............--.--. +300°C = Gate Count ...... 0... cece cece e eee n eee eee eens 6910 Gates 
ESD Classification ....... 0... ccc cece eee e cee eees Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.............. 0.2 eee +4.5V to +5.5V Operating Temperature Ranges: 
HM-6514S-9, HM-6514B-9, HM-6514-9 ........ -40°C to +85°C 
HM-6514B-8, HM-6514-8 ..............008- -55°C to +125°C 


DC Electrical Specifications VCC = 5v + 10%; i = -40°C to +85°C (HM-6514S-9, HM-6514B-9, HM-6514-9) 


= -55°C to +125°C (HM-6514B-8, HM-6514-8) 

SYMBOL PARAMETER UNITS 
ICCSB Standby Supply Current HM-6514-9 
HM-6514-8 


ICCOP Operating Supply Current (Note 1) 


ICCDR Data Retention Supply | HM-6514-9 
Current 
HM-6514-8 


es 
102 [rewoua e Caron 
es 
Te 
<< 


LIMITS 


TEST CONDITIONS 


1O =OmA, E = VCC-0.3V, VCC = 5.5V 


i 


E = 1MHz, IO = OmA, VI = GND, 
VCC = 5.5V, 


IO = OmA, VCC = 2.0V, E = VCC 


a 
Lees 
ae 
Eee 
i aa 
ie ea 
Loe 


+1.0 
Boos 


VCC+0.3 


Output Low Voltage 
VOH1 Output High Voltage 
VOH2 Output High Voltage (Note 2) 


Capacitance T, = +25°C 


SYMBOL PARAMETER wax 
<a Input/Output Capacitance (Note 2) f to | 


1. Typical derating 5SmA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


VCC- Of 


Nm 

b 
Oo 
pb 


TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 
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Specifications HM-6514 


AC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6514S-9, HM-6514B-9, HM-6514-9) 
Ts = -55°C to +125°C (HM-6514B-8, HM-6514-8) 
TEST 


LIMITS 
weasuee | nessa | renee | 
crusor_| __ranaweren | um [wax | wm [wax | wm [ war | ours | conorions 


@) TeLa | criperabenccesstine | — [| | - | | - | om | mm | moma 
(2) TAVQV Address Access Time . 120 | - | 320 | ns | (Notes 1, 3, 4) 


(3) TELQX Chip Enable Output Enable (Notes 2, 3) 
Time 

(4) TEHQZ Chip Enable Output Disable (Notes 2, 3) 
Time 

(5) TELEH Chip Enable Pulse Negative (Notes 1, 3) 
Width 

(6) TEHEL Chip Enable Pulse Positive (Notes 1, 3) 
Width 


120 


(7) TAVEL Address Setup Time (Notes 1, 3) 
(8) TELAX Address Hold Time (Notes 1, 3) 
(9) TWLWH Write Enable Pulse Width (Notes 1, 3) 


(10) TWLEH Chip Enable Write Pulse | 120 (Notes 1, 3) 
Setup Time 
(11) TELWH Chip Enable Write Pulse Hold 120 (Notes 1, 3) 
| Time 


NOTES: | 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


: 
e]s 


300 


NO 


w 


00 


120 


(Notes 1, 3) 
(Notes 1, 3) 


i) 
c 


> 
MN 
© 


al-|-le|- 


70 
170 
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CMOS MEMORY 


HM-6514 


Timing Waveforms 
READ CYCLE 


() 


chs Lem a 2 CFE. "a ree" ls oR Leeerenn —— 
& "es “6 ' 0S "os yer xs AW, wv, o0'e' e's eo ie, Oo? x? w SOX AZ Cx \ 7 SX ro 
A SRD K__vauroano_ > Cll gly 
TAVQY |¢2) (6) 
TEHEL —> 


(6) TEHEL TELEH 


(1) 


3 
HIGH Z 0) 


HI 
ae fotetoteneonne VALID DATA OUT GHZ 


W 
TIME ‘ | aes CE AR: eee see, Soe emeNe! Ee arises aoe 
2 3. 4 5 


REFERENCE _, 0 ; 
TRUTH TABLE 


TIME _ INPUTS DATA VO 
REFERENCE | A | pda FUNCTION 


ET Ww 
ax [x [2 [Nenoyoeabea 
TAC _[-¥_ [2 [yet Bins, Aaerossas are Latches 
Tae x x Youputenatieg 
[ex outa 
Ae xv | Rees Accomptches 
a 
Fea SC 


The address information is latched in the on chip registers enabled but data is not valid until during time (T = 2). W must 
on the falling edge of E (T = 0). Minimum address set up and —_ remain high throughout the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 
time, the addresses may change state without affecting the output buffer and all inputs and ready the RAM for the 
device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 


(4) TEHQZ ——~ —_—— 


mi 
8 
‘e 
S 
od 
<, 


V 


WRITE CYCLE 
TAVEL TELAX ——P-] TEVEL 
0% SOKO SSC CCC CCC CBO COCSCECCCCEEC EEE EOCENE 
A ZEBRA OK VALID ADD KERALA RoR NR OOO OOOO NEXT ADD 


ball 


agp} —___}-______+_+ + +- 
TRUTH TABLE 


TIME INPUTS 
REFERENCE | E | W | A | FUNCTION 


SO 

[v_ [2 [eyete Beains, Aaaresses are Latched 

x [2 [witeParodbegrs 
xf we 

ae eee : 

mone i 


Write Completed 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 
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HM-6514 


Timing Waveforms (Continued) 
WRITE CYCLE (Continued) 


The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis- 
ters. There are two basic types of write cycles, which differ in 
the control of the common data-in/data-out bus. 


Case 1: E falls before W falls 


The output buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so input data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also, at the end of the cycle the outputs may 
become active if W rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQZ). In this type of 
write cycle TWLEL and TEHWH may be ignored. 


Case 2: E falls equal to or after W falls, and E rises 
before or equal to W rising 


Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE 


This E and W control timing will guarantee that the data out- 
puts will stay disabled throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLDV becomes meaningless and can be ignored. In this 
cycle TOVWH and TWHDX become TDVEH and TEHDX. In 
other words, reference data setup and hold times to the E 
rising edge. 


E falls before W TWLDV | TWLEL 


Case 2 E falls after W and TWLEL a 
E rises before W TEHWH TWHDX 


Ifa series of consecutive write cycles are to be performed, 
Ww may be held low until all desired locations have been writ- 
ten (an extension of Case 2). 


EQUIVALENT CIRCUIT 


° 
FOE OSC O ee EHO DESEO RENE SOSESCOODESHOOSUOESSAS ERASER EESEESESSOSS w 
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FiARRIS 


SEMICONDUCTOR 


HM-6514/883 


1024 x 4 CMOS RAM 


rt 


January 1992 


Features 


This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Power Standby.............ce00e 125uW Max. 
e Low Power Operation ............. 35mW/MHz Max. 
e Data Retention ............. cece ee eees @2.0V Min. 


TTL Compatible Input/Output 

Common Data Input/Output 

Three-State Output 

Standard JEDEC Pinout 

Fast Access Time. ............-...- 120/200ns Max. 
18 Pin Package for High Density 

On-Chip Address Register 


Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


Pinout 


HM1-6514/883 (CERAMIC DIP) 
TOP VIEW 


[PIN | DESCRIPTION 
aa Address Input 
Lcdioot Chip Enable 


Write Enable 
Data Input 
Data Output 


Description 


The HM-6514/883 is a 1024 x 4 static CMOS RAM fabri- 
cated using self-aligned silicon gate technology. The device 
utilizes synchronous circuitry to achieve high performance 
and low power operation. 


On chip latches are provided for addresses allowing efficient 
interfacing with microprocessor systems. The data output 
can be forced to a high impedance state for use in expanded 
memory arrays. 


Gated inputs allow lower operating current and also elimi- 
nates the need for pull up or pull down resistors. The HM- 
65 14/883 is fully static RAM and may be maintained in any 
state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


Functional Diagram 


MATRIX 


COLUMN | 
VOSELECT | 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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File Number 2996 


Specifications HM-6514/883 


Absolute Maximum Ratings 


SUDDIY VONAOG or ish G5 dea si see cae Sense eae ee +7.0V 
input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 2.0... ce cee cee +175°C 
Lead Temperature (Soldering 10s)...............00005 +300°C 
ESD CIassilication aicbsak cde ded deen sok esas eee ates Class 1 


Reliability Information 
Thermal Resistance Ba OX 


Ceramic DIP Package............. 66°C/W 12°C/W 
Maximum Package Power Dissipation at +125°C 

Ceramic DIP Package .............. 2. eee eee eee 0.75W 
Gale Count sores ee hd hse lines oS 5e eee od 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................005. +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
INDUL LOW VONAGE 66 isi c ce Too e eee dca uw ens « OV to +0.8V 


Input High Voltage... ...... 2... cee ee eee ee VCC-2.0V to VCC 
Input Rise and Fall Time... 2... eee ee ee eee 40ns Max. 


TABLE 1. HM-6514/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


(NOTE 1) 


CONDITIONS 
Output Low Voltage VCC = 4.5V 
IOL = 3.2mA 


VCC = 4.5V 
IOH = -1.0mA 


Output High Voltage 
Input Leakage Current 
Input/Output Leakage 
Current 


Data Retention Supply 
Current 


ee = 5,5V, 
= GND or VCC 


ICCDR: =| VCC =2.0V, 


E = VCC-0.3V, 


lO = OmA, 


Operating Supply ICCOP 


Current 


vcc = 5.5V, (Note 2) 
E = 1MHz 


ICCSB VCC = 5.5V, 
E = VCC-0.3V, 


10 = OmA 


Standby Supply 
Current 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 


GROUP A 
SUBGROUPS 


VCC = 5.5 V, 
ViO = GND or VCC 


LIMITS 
TEMPERATURE | MIN | MAX | UNITS 
-55°C < Ty < +125°C 


-55°C < Ty < +125°C 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications HM-6514/883 


TABLE 2. HM-6514/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


LIMITS 


GROUP 
A SUB- 


TURE UNITS 
Chip Enable -55°C < Ty 
Access Time S$ +125°C 
-55°C < Ta 


Chip Enable 
Pulse Negative 
Width 
Chip Enable 


Pulse Positive 
Width 


-55°C s Ta 
< +125°C 


VCC = 4.5 and 120 


5.5V 


VCC = 4.5 and 
5.5V 


-55°C < Ta 


Write Enable 
Pulse Width 


Write Enable (10) TWLEH | VCC =4.5 and 9,10, 11 

Pulse Setup 5.5V 

Time 

Write Enable (11) TELWH | VCC =45 and 9,10,11 | -55°C < Ty 120 
Pulse Hold Time 5 5V $+125°C | 


Data Setup Time | (12) TDVWH | VCC =4.5 and 55°C < Ty | 200 
5.5V S$ +125°C 
Data Hold Time | (13) TWHDX | VCC = 4.5 and -55°C < Ty 
5.5V S$ +125°C 
Write Data Delay | (14) TWLDV | VCC =4.5 and 9,10,11 | -55°C < Ty 70 
Time 5.5V S$ +125°C 
Early Output (15) TWLEL | VCC =4.5 and 9,10,11 | -55°C < Ty, 
High-Z Time 5.5V $+125°C | 
Late Output (16) TEHWH | VCC =45and | -55°C < Ta 
High-Z Time 5.5V 
Read or Write (17) TELEL VCC = 4.5 and 
Cycle Time 5.5V 
NOTES: 
1. All voltages referenced to device GND. 
2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF 
3. TAVQV = TELQV + TAVEL. 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Specifications HM-651 4/883 


TABLE 3. HM-6514/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


HM-65 14/883 
LIMITS 
PARAMETER SYMBOL NOTE | TEMPERATURE | MIN: | MAX — UNITS 
Input Capacitance Cl VCC = Open, f = 1MHz, All T, = +25°C 
Measurements Referenced 
to Device Ground 
VCC = Open, f = 1MHz, All Ty = +25°C 
Measurements Referenced 
to Device Ground 
Chip Enable Output TELQX VCC = 4.5 and 5.5V -55°C $1, $+125°C 
Disable Time 
Chip Enable Output TEHQZ VCC = 4.5 and 5.5V 55°C $ Ty, 5 +125°C 
Disable Time HM-6514S/883 
VCC = 4.5 and 5.5V -55°C STa S$ +125°C 
HM-6514B/883 
VCC = 4.5 and 5.5V 55°C ST, $+125°C 
HM-6514/883 
High Level Output VOH2 VCC = 4.5V, IO = -100pA ae 55°C $T,<+125°C | VCC -0.4 
Voltage 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


Input/Output 
Capacitance 


ClO 


[> 2. 


TABLE 4. APPLICABLE SUBGROUPS 


a 
a 


> 
o 
O 
= 
nT 
= 
” 
Oo 
= 
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CAUTION: These devices are sensitive to electronic discharge. Proper !C handling procedures should be followed. 
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HM-6514/883 


Timing Waveforms 


READ CYCLE 
7) 


TELEL 


TAVEL —<— TELAX—=] (8) (17) 7) TAVEL——> —— 
PPCCCERR, {~ vauoaoo CECE CM OU MEA OEE SACe, 
A SES _VALIOADD eR Rs AN RO RRERROOK NEXT ADD 
TAVQY | (2) (6) 
(8)}—TEHEL TELEH TEHEL = 
(5) 
: 
(1) 
i (4) TEHQZ——-| | — 
HR HIGH 


W 


REFERENCE _, 0 1 


TIME eS See eee te: |e ee: Se eeweares: Aa ones ee 


2 


TRUTH TABLE 


aK ne a2 a 
a ae ee Ce ae 
eee eee ed 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


TIME pial DATA VO 
REFERENCE | E | W | A |_ dQ FUNCTION 


at x2 ery aed 


Cycle Ends, Next Cycle Begins (Same as 0) 


enabled but data is not valid until during time (T = 2). W must 
remain high throughout the read cycle. After the output data 
has been read, E may return high (T = 3). This will disable 
the output buffer and all inputs and ready the RAM for the 
next memory cycle (T = 4). 


WRITE CYCLE 


TAVEL4-—-TELAX™4 


VALID ADD 


TEHEL 


SO A AAA? Mee, 
ED 


TELWL 


WINN. NS 


pa HIGH Z 


~ S Ww, cy Ox oxy DoCS 3S CAA) 
CO OOOSSD 5 


VALID DATA INPUT >» 


NEXT ADD 


TWLEH 
——e1 TWHEH 


MIIJ_{UK§W’S 


TWLWH 


HIGH Z 


TOVWH ———-—-»- TWHOZ 


TELWH 


REFERENCE 


TIME 
REFERENCE 


-1 


\ 


a 


TRUTH TABLE 


Tt x 2 | Meno osabes 


Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 
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HM-651 4/883 


Timing Waveforms (Continued) 
WRITE CYCLE (Continued) 


The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis- 
ters. There are two basic types of write cycles, which differ in 
the control of the common data-in/data-out bus. 


Case 1: E falls before W falls 


The output buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so input data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also, at the end of the cycle the outputs may 
become active if W rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQ2Z). In this type of 
write cycle TWLEL and TEHWH may be ignored. 


Case 2: E falls equal to or after W falls, and E rises 
before or equal to W rising 


Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE 


This E and W control timing will guarantee that the data out- 
puts will stay disabled throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLDV becomes meaningless and can be ignored. In this 
cycle TDVWH and TWHDX become TDVEH and TEHDX. In 
other words, reference data setup and hold times to the E 
rising edge. 


ee 


| Case 1 | 1 E | Etalls beforeW before W TWLDV } TWLEL 
EL 


ss 2 E ae after W and TWL oe 
E rises before W TEHWH TWHDX 


Ifa series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been writ- 
ten (an extension of Case 2). 


EQUIVALENT CIRCUIT 


° 
OOP OOCEREONSEDEE TS OEEOECHOHOOESEHSDHCEREEESEATSSOHHEASHESHEES o 
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HM-651 4/883 


Burn-In Circuit 
HM6514/883 CERAMIC DIP 


F9 


F12 


F5 
FO F2 


F1 


NOTES: 

All resistors 47kQ +5% 

FO = 100kHz + 10% 

F1 =FO+2,F2=Fi+2,F3=F2+2...Fi2=F11+2 
VCC = 5.5V + 0.5V 

VIH = 4.5V + 10% 

VIL = -0.2V to +0.4V 

C1 =0.01pF Min. 


Packaging 
18 PIN CERAMIC DIP 


.882 


915 
.005 MIN 


—— 
015, 150 MIN 
.060 | 5: 
125 .098 MAX = 
180 . 100 
016 nee 
.023 
.050 * 
“065. * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
* SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T18 


MATERIALS: Compliant to MIL-M-38510 


NOTE: All Dimensions are pail Dimensions are in inches. 
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HM-651 4/883 


Metallization Topology 


DIE DIMENSIONS: 
136 x 167 x 19+ 1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.79 x 10° A/cm? 


LEAD TEMPERATURE (10 seconds soldering): 
300°C 


Metallization Mask Layout 
HM-6514/883 


q 


re 


3) 
> 
x 
Oo 
= 
Lu 
= 
” 
O 
= 
O 


Pin Numbers Correspond to DIP Package Only. 
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Ga HARRIS 


SEMICONDUCTOR 


February 1992 


Features 
Fully Static Operation 


e Industry Standard 1024 x 4 Pinout (Same as Pinouts 
for 6514, 2114, 9114, and 4045 Types) 


Common Data Input and Output 


¢ Memory Retention for Standby Battery Voltage as Low 
as 2V Min 


All inputs and Outputs Directly TTL Compatible 
e¢ 3 State Outputs 
Low Standby and Operating Power 


MWS5114 


1024-Word x 4-Bit 
LSI Static RAM 


Description 


The MWS5114 is a 1024 word by 4 bit static random access 
memory that uses the ion-implanted silicon gate comple- 
mentary MOS (CMOS) technology. It is designed for use in 
memory systems where low power and simplicity in use are 
desirable. This type has common data input and data output 
and utilizes a single power supply of 4.5V to 6.5V. 


The MWS5114 is supplied in 18 lead, hermetic, dual-in-line 
sidebrazed ceramic packages (D suffix) and in 18 lead dual- 
in-line plastic packages (E suffix). 


Ordering Information 


Plastic DIP 


0°C to +70°C MWS5114E3 MWS5114E2 MWS5114E1 
Burn-in MWS5114E3X MWS51 14E2X MWS5114E1X 
Ceramic DIP 0°C to +70°C MWS5114D3 MWS5114D2 MWS5114D1 
Burn-in MWS5114D3X MWS5114D2X MWS5114D1X 


Pinout 
18 LEAD DIP 
TOP VIEW 


Operational Modes 


ca hgtebcsed 


Not Selected 


Copyright © Harris Corporation 1992 


DATA PINS 


Output: Dependent on 
data 


High impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Functional Block Diagram 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


COLUMN 
1/0 CIRCUITS 


COLUMN SELECT 


FileNumber 1325.1 


Specifications MWS5114 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 


(All Voltages Referenced to Vgs Terminal) ........ —0.5V to +7V 
Input Voltage Range, Ali Inputs ............. —0.5V to Vop +0.5V 
DC Input Current, Any One Input................ 0.0 cee eee +10mA 
Dissipation Per Package (Pp) 

=—40°C to +60°C (Package Type E).............. 500mW 
oe +60°C to +85°C (Package Type E)...... Derate Linearly at 
12mWPC to 200mW 

Ts, = -55°C to +100°C (Package Type D)............. 500mW 


Ta = +100°C to +125°C (Package Type D).... Derate Linearly at 
12mWPC to 200mW 


Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 


(All Package TypeS)... 2.0... ccc cece cece eee teens 100mW 
Operating Temperature Range (T,): 

Package Type D... 6... cece cece eee ee ees —55°C to +125°C 

Package TV0e €i tic ssees oe Sei ioGereeete ens ~—40°C to +85°C 
Storage Temperature Range (Tyg) .....-.----- —65°C to +150°C 
Lead Temperature (During Soldering): 

At distance 1/16 +1/32 In. (1.59 + 0.79mm) 

from case for 10S MAX... 2... cece eee eee eee +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


DC Operating Voltage Range 
Input Voltage Range 


CONDITIONS 


CHARACTERISTIC 


Quiescent Device 
Current 


Output Low 
(Sink) Current 
Output High 
(Source) Current 


Output Voltage 
Low-Level 


Output Voltage 


High-Level 


< 
O 


pO Po =) 
aAalann oN 


> ro) 
+ 
io) 


2.4 


Input Low Voltage eee 

Input High Voltage eae e 

Input Leakage 

Current (Note 2) 

Operating Current 

(Note 3) 

3-State Output {OUT 

Leakage Current 

(Note 4) 

Input Capacitance | CIN | 

Output Capacitance COUT 
NOTES: 
1. Typical values are for T, = 


25°C and nominal VDD. 
2. All inputs in parallel 

3. Outputs open circuited; cycle time = 1s. 

4. All outputs in parallel 


vo | VIN | VDD Lassie 
SYMBOL | (V) |} (V) j (VY) TYP 
4 
1.2 
4 


: 


4 


© nN 
pS 


2.4 


+ 


5 +0.1 


4 


hb 
i<e) 


+0.5 


7.5 


ailN + i+ i) =— 
ont tn on on te = 
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CMOS MEMORY 


Specifications MWS5114 


Dynamic Electrical Characteristics at T, = 0°C to +70°C, Vpp = 5V + 5%, Input tr, tf = 10ns; CL = 50pF and 1 TTL Load 


LIMITS 
MWS5114-2 


(Note 1) | (Note 2) (Note 1) | (Note 2) 
MIN TYP MIN TYP 


200 


(Note 1) | (Note 2) 
CHARACTERISTIC | SYMBOL MIN TYP 


READ CYCLE TIMES (FIGURE 1) 
Read Cycle tRC 


Access from 
Address 


Chip Selection to tcO 
Output Valid 


Chip Selection to tCX 
Output Active 


Output 3 State 
from Deselection 


UNITS 


300 


ce 
> 
EG 
on 
oO 


150 200 


tOTD 


“J 
on 


N 


Output Hold from tOHA 


Address Change 
WRITE CYCLE TIMES (FIGURE 2) 
Write Cycle 
Write 


_ — NO 
NO on o) 
or Oo oO 


Ni 
oa) 
end, 
no 
nn 


= 


al -- 4 


200 
Write Release 


Address to Chip 
Select Setup Time 


Address to Write 
Setup Time 


Data to Write 
Setup Time 


Data Hold from tDH 
Write 


NOTES: 


1. Time required by a limit device to allow for the indicated function. 
2. Typical values are for T, = 25°C and nominal VDD. 


tDSU 


N 
on 


© 
Ww 
oO 


> 
o 


tRC 


ADDRESS 
tAA 


anpress YK | OK 


S YW MMos a 


WE 
— toro>| 


tc. 
x | tOHA 


DOUT KACTIVEK VALID DIN 7 DON 


NOTE: WEis high during the Read Cycle. Timing Measurement NOTE: WE is low during the Write Cycle. Timing Measurement 
Ref. Level is 1.5V Ref. Level is 1.5V 


FIGURE 1. READ CYCLE TIMING WAVEFORMS FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 
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MWS5114 


Data Retention Characteristics at T, = 0°C to +70°C; See Figure 3 


TEST 
CONDITIONS LIMITS 
ALL TYPES 
VDR VDD (Note 1) 
CHARACTERISTIC SYMBOL (Vv) (Vv) TYP UNITS 


Data Retention Quiescent MWS5114-3 
Current 


MWS5114-2 


MWS51 14-1 


NOTE: 1. Typical Values are for T, = 25°C and nominal Vpp 


DATA 
~<«<— RETENTION ——» 
MODE 


VDD 


0.95 VDD 0.95 VDD 


VDR 


FIGURE 3. LOW VDD DATA RETENTION TIMING WAVEFORMS 
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Gy HARRIS 


SEMICONDUCTOR 


HM-6516 


January 1992 2K x 8 CMOS RAM 

Features Description 

e Low Power Standby............ 275uW Max. The HM-6516 is a CMOS 2048 x 8 Static Random Access Memory. 

, Extremely low power operation is achieved by the use of 

ROW POWE Opera sarea te Some Max: complementary MOS design techniques. This low power is further 

e Fast Access Time........... 120/200ns Max. enhanced by the use of synchronous circuit techniques that keep the 

; active (operating) power low, which also gives fast access times. The 

* Industry Standard Pinout pinout of the HM-6516 is the popular 24 pin, 8 bit wide JEDEC 

e Single Supply...........0ceee005 5.0V VCC __ standard which allows easy memory board layouts, flexible enough to 


accommodate a variety of PROMs, RAMS, EPROMs, and ROMs. 


The HM-6516 is ideally suited for use in microprocessor based 
systems. The byte wide organization simplifies the memory array 


¢ TTL Compatible 
e Static Memory Cells 


¢ High Output Drive design, and keeps operating power down to a minimum because only 

; one device is enabled at a time. The address latches allow very 
¢ On-Chip Address Latches simple interfacing to recent generation microprocessors which employ 
¢ Easy Microprocessor Interfacing a multiplexed address/data bus. The convenient output enable control 


also simplifies multiplexed bus interfacing by allowing the data outputs 
to be controlled independent of the chip enable. 


Ordering Information 


8s 35° 1 +1250 
SMot [ewaasoria | ea0aeonia | 


-55°C to +125°C HM4-651 6B/883 HM4-651 6/883 
8403607JA 8403601ZA 


" Respective /883 specifications are included at the end of this data sheet. 


Pinouts 
24 LEAD DIP 32 LEAD LCC 
TOP VIEW TOP VIEW 
| PIN | DESCRIPTION 
As as[s! A0-Ai0 | Address Inputs 
as me [AO AtO_[Adaress inp 
W =4 Meets Eee oe Chip Enable/Power Down 
; mle VSSIEND [Ground 
A10 A3 DQO - DQ7 | Data In/Data Out 
E A2 
veo 
ao : |_VoC _ [Power (+5V) 
b Write Enable 
Q6 AO 
nS} DAS ‘ Output Enable 
n4} Da4 s 
13} DAs Dao 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2998 


Copyright © Harris Corporation 1992 
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Functional Diagram 


A10 
AQ 
AB LATCHED 
A7 —-] ADDRESS anor 
AG REGISTER 
AS 
A4 10F8 
kdtelels 
fe fe I = DQ 
GATED COLUMN Fae <— THRU 
; nn Soe | 
_ | 
a ee ee ee - 
> ae yor 
= LATCHED ADDRESS 
E—d > REGISTER 


A3 A2_ Al AO 


8) 
> 
o 
O 
= 
LJ 
= 
” 
Oo 
= 
O 
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Specifications HM-6516 


Absolute Maximum Ratings Reliability Information 

Supply Vollage ... 424.065 2 ecdseeseds his dees eae’ +7.0V Thermal Resistance ................ Oia Qc 

Input or Output Voltage Applied for all Grades..... ’,. GND-0.3V to Ceramic DIP Package............. 48°C/W 8°C/W 
VCC+0.3V Ceramic LCC Package ............ 66°C/W 12°C/W 

Storage Temperature Range ................. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 

Junction Temperature... . 0... ccc cece ee eens +175°C Ceramic DIP Package .......... cece cece eee ce eeeee 1W 

Lead Temperature (Soldering 10s)...............000e- +300°C Ceramic LCC Package .......... ccc ces cee cec cence 0.75W 

ESD Classification ...... 0... cc ccc eet ee eee eees Class:1: Gate Counh 4.3.0 dase sews ac eiicieee unease 25953 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................505- +4.5V to +5.5V Operating Temperature Ranges: 
HM-6516B-9, HM-6516-9 ........... 0. e eee -40°C to +85°C 


DC Electrical Specifications VCC = 5V + 10%; T, = -40°C to +85°C (HM-6516B-9, HM-6516-9) 


LIMITS 
UNITS TEST CONDITIONS 
A IO = OmA, VI = VCC or GND, 
VCC = 5.5V, HM-6516B-9 
10 = OmA, Vi = VCC or GND, 
HM-6516-9 
= f = 1MHz, IO = OmA, G = VCC,VCC = 


SYMBOL PARAMETER 


ICCSB 


Standby Supply Current 


5.5V, VI = VCC or GND 


iCCOP Operating Supply Current (Note 1) 


ICCDR Data Retention Supply Current 


VCC = 2.0V, [0 = OmA, VI = VCC or 


GND, E = VCC, HM-6516B-9 


VCC = 2.0V, IO = OmA, VI = VCC or 


GND, E = VCC, HM-6516-9 


nk 
rears = VCC or GND, VCC = 5.5V 
x VIO = VCC or GND, VCC = 5.5V 


Capacitance T, = +25°C 


NOTES: 


1. Typical derating 5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


VCC+0.3 


VCC-0.4 


SYMBOL UNITS 


TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 


no) Ro) 
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Specifications HM-6516 


AC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-6516B-9, HM-6516-9) 


LIMITS 
PARAMETER 


Chip Enable Access Time p= | 120 | | 200, | 
(3) TELQX Chip Enable Output Enable Time | 10 | 


TEST 
CONDITIONS 


(Notes 1, 3, 4) 
NOTES: 


1. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


SYMBOL 


(1) TELQV 


(2) TAVQV 


(4) TWLQZ Write Enable Output Disable Time 
(5) TEHQZ Chip Enable Output Disable Time 


(7) TGLQX Output Enable Output Enable Time 


50 


(6) TGLQV Output Enable Output Valid Time 
(8) TGHQZ Output Enable Output DisableTime ad 
(10) TEHEL Chip Enable Pulse Positive Width | 50 
(11) TAVEL Address Setup Time Eo 
(12) TELAX Address Hold Time | 30 | 
(13) TWLWH Write Enable Pulse Width | 120 | 


(18) TELEL Read or Write Cycle Time 


(9) TELEH Chip Enable Pulse Negative Width 


CMOS MEMORY 
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Timing Waveforms 
READ CYCLE 
(2) 


TAVOV 
TELAX|_(12} (11) 


(HJ--| TAVEL TAVEL 
OCOD OK SOHO 
SEO RI ese eeetelter eens Cereb tetiiereeeneenne C NEXT | 
A ees VALID cy RR RAIS | TENT ACS 
(10) (18) 
TEHEL anne Sarai 
SP eccenceeees seen 
w A 
TEHQZ (1) TELQV (5) 
(5) TELOX TEHQZ 
SERRE K VALID DATA OUT ) 
ba RRA VALID DATA OUT 


W114 II'-NS. 


NN 


~— TGLOX {7) 


TIME ff —_______+_ ______}_ __}_____}-____+____ 
REFERENCE 


-1 0. 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 


enabled but data is not valid until time (T = 2), W must 


1 2 3 4 5 


remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out- 
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical “1” state 
(T =-1, 0, 3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 


(11) 
TAVEL 


VIN WN We 


—FWLEH ——t14) 
w 


M0 HF Rr NOES U.N 


TDOVWH =(16) TWHDX [17] 


MKKKA RRA PPP POSS SSAA AAAS ALS 050-0666: OCOCCCOCONS 

0.0.0.0. 0. 6.0. 006.060.660.000, 0,0,0,0,0,0,0,0,0,0,0,0, 0,0, SQV QOOYD OL QOD? 

0,0, 00.0. 0-00.00. 0.0.0.0 .0 0,000,000, 0,0 ,@, OOS (<5 QO POVPPOOOO 
s SOK VALID DATA IN RRS SON 


C2OOOOO an 


TIME l Se ey a eT are RN Rn) See ee ee Cee eee 


WRITE CYCLE 
{12} 
(11) TELAX |. 
TAVEL 
55H & SOK KN 
ORRIN RS 
BO VALID ADD Repo oene 
(10) 
— TEHEL- 
E 
{15} TELWH 
509 
DO IIIT HII HII NII 
G HIGH 
REFERENCE a 0 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip 
registers. If a write cycle is to be performed where the output 
is not to become active, G can be held high (inactive). 
TDVWH and TWHDX must be met for proper device opera- 
tion regardless of G. If E and G fall before W falls (read 
mode), a possible bus conflict may exist. If E rises before W 


1 2 3 4 5 


rises, reference data setup and hold times to the E rising 
edge. The write operation is terminated by the_first rising 
edge of W (T = 2) or E (T = 3). After the minimum E high time 
(TEHEL), the next cycle may begin. If a series of consecutive 
write cycles are to be performed, the W line may be held low 
until all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising of E. 
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Performance Curve 
TYPICAL ICCDR vs T, 


LOG(Ic¢c/(1A)) 


Ta (°C) 
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FARRIS 


SEMICONDUCTOR 


January 1992 


Features 


e 


e 


This Circuit is Processed in Accordance to 
Mil-Std-883 and is Fully Conformant Under 
the Provisions of Paragraph 1.2.1. 


Low Power Standby............ 275uW Max. 
Low Power Operation ...... 55mW/MHz Max. 
Fast Access Time........... 120/200ns Max. 
industry Standard Pinout 

Single Supply................05: 5.0V VCC 
TTL Compatible 

Static Memory Cells 

High Output Drive 


On-Chip Address Latches 
Easy Microprocessor Interfacing 


Pinouts 
HM1-6516/883 (CERAMIC DIP) 
TOP VIEW 
vcc 
A8 
AQ 
W 
G 
A10 
E 
DQ7 
DQ6 
DQ5 
DQ4 
DQ3 
Functional Diagram 
A10 
A9 
A8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Ol 


=i 


mi 
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HM-6516/883 


2K x 8 CMOS RAM 


Description 


The HM-6516/883 is a CMOS 2048 x 8 Static Random Access Memory. 
Extremely low power operation is achieved by the use of complementary 
MOS design techniques. This low power is further enhanced by the use of 
synchronous circuit techniques that keep the active (operating) power low, 
which also gives fast access times. The pinout of the HM-6516/883 is the 
popular 24 pin, 8 bit wide JEDEC standard which allows easy memory 
board layouts, flexible enough to accommodate a variety of PROMs, 
RAMS, EPROMs, and ROMs. 


The HM-6516/883 is ideally suited for use in microprocessor based sys- 
tems. The byte wide organization simplifies the memory array design, and 
keeps operating power down to a minimum because only one device is 
enabled at a time. The address latches allow very simple interfacing to 
recent generation microprocessors which employ a multiplexed address/ 
data bus. The convenient output enable control also simplifies multiplexed 
bus interfacing by allowing the data outputs to be controlled independent 
of the chip enable. 


HM4-6516/883 (CERAMIC LCC) 
TOP VIEW 


[Pw [__BESCRIPTION 
[E_ [chip EnabierPower Down 


128 x 128 
MATRIX 
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File Number 2999 


Specifications HM-6516/883 


Absolute Maximum Ratings 


SUDDIY VOAOG oiisca ho oii s eee ke Oe a ees +7.0V 
Input or Output Voltage Applied for all Grades....... GND-0.3V to 

VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature. ........ 0... c eee eee eee +175°C 
Lead Temperature (Soldering 10s)...............0006. +300°C 
ESD Classification x. 6.06 2 ketniaaads GaSaeea tones Class 1 


Reliability Information 


Thermal Resistance ................ Oia 8. 
Ceramic DIP Package............. 48°C/W 8°C/W 
Ceramic LCC Package ............ 66°C/W 12°C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package ..... 0... 0. . cee eee cece eee eee 1W 
Ceramic LCC Package .......... ccc cece ee eee eees 0.75W 

Gate Count:.s64 ces a ele e die ee ee ine kuces 25953 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range..................... +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
Input Low Voltage... cece ee eee eee nee OV to +0.8V 


Input High Voltage... 0... ee eee eee ee eee +2.4V to VCC 
Data Retention Supply Voltage................... 2.0V to 4.5V 
Input Rise and Fall Time... 6... eee eee ees 40ns Max. 


TABLE 1. HM-6516/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
(NOTE 1) 


PARAMETER SYMBOL CONDITIONS 
High Level VOH VCC = 4.5V 
Output Voltage 10 =-1.0mMA 
Low Level OL VCC = 4.5V 
Output Voltage : 

FT 


lO = 3.2mA 


VCC =G=5.5V, 
VIO = GND or VCC 


Current 
VCC = 5.5V, 


Input Leakage 

Current Vi = GND or VCC 
Operating Supply | ICCOP | VCC =G =5.5V, (Note 2) 
Current f = 1MHz, VI = GND or VCC 


Standby Supply 
Current 


High Impedance 
Output Leakage 


Data Retention 
Supply Current 


ICCDR vcc = 2.0V, HM-6516/883 
E = VCC-0.3V, 
1O = OmA, VI = GND or VCC 


E = VCC-0.3V, 
1O = OmA, VI = GND or VCC 


V 
ICCSB1_ | VCC =5.5V, HM-6516/883 
E = VCC-0.3V, 
IO = OMA, VI = GND or VCC 
VCC = 5.5V, HM-6516B/883 
E = VCC-0.3V, 
|O = OmA, VI = GND or VCC 


Functional Test 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mMA/MHz increase in ICCOP. 


GROUP A 
SUBGROUPS 


VCC = 2.0V, HM-6516B/883 


er VCC = 4.5V (Note 3) 7,8A,8B | -55°C<T,<+125°C 


TEMPERATURE 
-55°C < Ty $ +125°C 
55°C < Ty < +125°C 


-55°C < Ty $ +125°C 


-55°C < Ty $ +125°C 


55°C < Ty S$ 4125°C 


55°C < Ty $ +125°C 


55°C < Ty < +125°C 


55°C < Ty < +125°C 


3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4.0mA, IOL = 4.0mA, VOH 1.5V, and VOL<s 1.5V. 
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Specifications HM-6516/883 


TABLE 2. HM-6514/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
HM-6516/883 
TEMPERATURE 


(NOTES 1,2) | HM-6516/883 | 
PARAMETER SYMBOL CONDITIONS | MIN. | | MIN | 
Chip Enable (1) TELQV VCC = 4.5 and 5.5V ~55°C < Ty S$ +125°C 
Access Time 
Address Access | (2) TAVQV_ | VCC =4.5 and 5.5V, -55°C < Ty S$ +125°C 
Time (Note 3) 
Chip Enable (9) TELEH | VCC =4.5 and 5.5V -55°C < Ty S$ +125°C 
Width 
Chip Enable (10) TEHEL VCC = 4.5 and 5.5V 9,10,11 | -55°C < Ty s +125°C 
Pulse Positive 
Width 
Address Hold (12) TELAX VCC = 4.5 and 5.5V 
Time 
Write Enable (13) TWLWH | VCC =4.5 and 5.5V -55°C < Ta $ +125°C 
Pulse Width 
Write Enable 
Pulse Set-up 


GROUP 
A SUB- 
GROUPS 


UNITS 


(14) TWLEH | VCC =45 and 5.5V “55°C < Ty $ +125°C 


Pulse Negative 
Address Set-up (11) TAVEL VCC = 4.5 and 5.5V ~55°C < Ta S$ +125°C 
Time 

-55°C < Ta $ +125°C 
Time 


Chip Selectionto | (15) TELWH | VCC =4.5 and 5.5V 
End of Write 

Data Set-up Time | (16) TDVWH | VCC =4.5 and 5.5V -55°C < Ty $ +125°C 
Data Hold Time | (17) TWHDX | VCC=45and5.5V_ | -55°C < Ta $ +125°C 


Read or Write (18) TELEL VCC = 4.5 and 5.5V 9,10,11 | -55°C < Ty $ +125°C 
Cycle Time 


cca 
NOTES: 


10 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times. 5ns (max), Input and output timing reference level: 1 5V; Output load: 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0 15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


120 
170 
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Specifications HM-6516/883 


TABLE 3. HM-6516/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE 
Cl 


Input Capacitance VCC = Open, f = 1MHz, All 


pF 
Measurements Referenced nae 


to Device Ground 


VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


cio VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 
Ty = +25°C 


55°C < Ty $ +125°C 


Input/Output 
Capacitance 


VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 


Chip Enable to Output | (3) TELQX | VCC =4.5 and 5.5V 
Valid Time 


Write Enable Output 
Disable Time 


(4) TWLQZ | VCC =4.5 and 5.5V -55°C < Ty $ +125°C 
HM-65 16/883 
VCC = 4.5 and 5.5V 


1 55°C < Ty $ +125°C 
HM-65 16B/883 
(5) TEHQZ | VCC =4.5 and 5.5V 1 55°C < Ty $ +125°C 
HM-65 16/883 
VCC = 4.5 and 5.5V 55°C < Ty $ +125°C 
HM-65 16B/883 


Chip Enable Output 
Disable Time 


55°C < Ty < +125°C 
Output Enable to (7) TGLQX | VCC =4.5 and 5.5V 
Output Valid Time 


BB°C < Ty < +125°C 4 
Output Disable Time (8) TGHQZ | VCC =4.5 and 5.5V -55°C < Ty < +125°C 
HM-65 16/883 
VCC = 4.5 and 5.5V 
HM-65 16B/883 
NOTES: 


55°C < Ty $ +125°C 
1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to LCC device types only. 
3. Applies to DIP device types only. 


TABLE 4. APPLICABLE SUBGROUPS 


a 


o 
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CMOS MEMORY 


HM-6516/883 


Timing Waveforms 
READ CYCLE: HM-6516/883 and HM-6516B/883 


(2) 
oa tn 
TELAX 
(tt) TAVEL (12) TAVEL 


weseseseanatane 


> 


(10) 
TEHEL 


| 
lt 


ate (1) TELQV 


DQ 


SOR er 90'0.0:0.0,0,0.809.98 
dy 550505055 ei © 
SCARS VALID | ADD KORRES ete, 
OOOOH 4 RH) OI Y 


09,9 GS Gt Gala o oO" O° @:. © 
OY RRR KK S955 


(9) 
TEHQZ 
CXS PSOIOIOOIOION 
[3] RHR 
O 


VALID DATA OUT 


VI—\SS ANN 


— TGLOX (7) 


SMG oo $$} }—_}——__}—_}———_ 
REFERENCE 


-1 0. 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 
enabled but data is not valid until time (T = 2), W must 


WRITE CYCLE: HM-6516/883 and HM-6516B/883! 


1 2 3 4 5 


remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out- 
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical “1” state 
(T =-1, 0, 3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 


(11) TELAX|_. (il) 
TAVEL TAVEL 
SOOO OOD (VALID ADD OR OOK OOO OO OOOO) 
OOO OOOOODODDD 7-@ 6.66 6.6 6,6.6,6.6.6.0. 6.6.6.6 6.6 .6.6.6.6.6,6.6. 6.0.66 
OOOO AD COO OOOO IO IO OOO QOQOOOD NEXT ADD 
A RAR VALID ADD OG OY 
(10) (18) 
TEHEL 
E 


(15 


MK OK SOK RK KEK KKK AAA AAAS ge 
DO KOR IOX eranecenerececececececececeeeee, 
-0.0.0. 


TELWH 


P5550 HHO ONY | 


G HIGH 


TWLEH (14) 


TMU TWN “OE OKYWYMY 


TDVWH =3(16) TWHDX (17) 


“0% B59 
SRN VALID DATA IN XSOxxxxxroroorerrorerrrerer rn 


15050505020, 02050 05000000 


TIME es ee eS OS eS ee 


REFERENCE 4 0 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip 
registers. If a write cycle is to be performed where the output 
is not to become active, G can be held high (inactive). 
TOVWH and TWHDX_must be met for proper device 
operation regardless of G. If E and G fall before W falls (read 
mode), a possible bus conflict may exist. If E rises before W 


1 2 3 4 5 


rises, reference data setup and hold times to the E rising 
edge. The write operation is terminated by the first rising 
edge of W (T = 2) or E (T = 3). After the minimum E high time 
(TEHEL), the next cycle may begin. If a series of consecutive 
write cycles are to be performed, the W line may be held low 
until all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising of E. 
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Test Circuit 


ee ee ee 


DUT 
i ae 
b IOH 1.5V 
* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
ANDJIGCAPACITANCE 5 0” SO rate c a elk 
Burn-in Circuits 
HM-6516/883 CERAMIC DIP HM-6516/883 CERAMIC LCC 
o @ vec 
vec 
Y c 
F10 ali eg pryeniccs 
F9 Ary 23} 48 Fi 
AS AQ 
FB [3 | |22}-— F12 
F7 Aa Ta aa} Ww Fi Fo 51 F11 
A3 a = 
F6 5 | 20] Fo F8 : ; F12 
A2 A10 
E F6 FA 
iy ms 18) ab FO . = = 
7 5 4 
. pao a c F4 01 F13 > 
DQ6 ‘i 
i pat =. ~ DQSs i FS 1] S 
F2 10] 15) F2 F2 = 
pa2 Da4 
a el re F2 F2 me 
GND Das ” 
12, 13 F2 Oo 
= 
V © 
NOTES: 
All resistors 47kQ +5% soe VY ee 9 


FO = 100kHz + 10% 
VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 
VIL = -0.2V to +0.4V 
C1 = 0.01pF Min. 
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Metallization Topology 


DIE DIMENSIONS: 
186.6 x 199.6 x 19+ 1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 9kA - 13kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 7kA + 9kA 


DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Cerarnic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
0.5 x 10° A/cm? 


Metallization Mask Layout 
HM-65 16/883 


A3 A4 AS A6 A7 


7 


vcC A8 


AQ 


is ass EL. ‘E1. es: Se pa: 2% are 


— 


SO 


Ce a Ne RR A SSS os 


tte) gh ae 


Al Dee aS ote 


rea cs a aie E ie 5 


AO DQO0 DQ1 DQ2 GND DQ3 
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Packaging 
24 PIN CERAMIC DIP 


| .150 MIN 
.098 MAX 


.065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T24 
MATERIALS: Compliant to MIL-M38510 


32 PAD CERAMIC LCC 


CMOS MEMORY 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, CQCC1-N32 
MATERIALS: Compliant to MIL-M38510 


NOTE: All Dimensions are =. Dimensions are in inches. 
ax 
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SEMICONDUCTOR 


HM-65162 


2K x 8 Asynchronous 


January 1992 CMOS Static RAM 

Features Description 

e Fast Access Time...........cccececences 70/90ns Max The HM-65162 is a CMOS 2048 x 8 Static Random Access 

° Low Standby Current............00seeeeee: S0uA Max Memory manufactured using the Harris Advanced SAJI V 
process. The device utilizes asynchronous circuit design for 

e Low Operating Current .........00cceeeeees 70mA Max fast cycle time and ease of use. The pinout is the JEDEC 24 

* Data Retention at 2.0 Volts ..........sseeee: 20.A Max Pin DIF, and 32 pad 8 bit wide standard which allows easy 
memory board layouts flexible to accommodate a variety of 

¢ TTL Compatible Inputs and Outputs industry standard PROMs, RAMs, ROMs and EPROMs. The 


2 | , HM-65162 is ideally suited for use in microprocessor based 

PEDEC MpPrONec Einout lente, Otte !ype) systems with its 8 bit word length organization. The conve- 
¢ No Clocks or Strobes Required nient output enable also simplifies the bus interface by allow- 
ing the data outputs to be controlled independent of the chip 
enable. Gated inputs lower operating current and also elimi- 
¢ Single 5 Volt Supply nate the need for pull-up or pull-down resistors. 


¢ Equal Cycle and Access Time 


¢ Gated Inputs 
- No Pull-Up or Pull-Down Resistors Required 


Ordering Information 


TEMPERATURE 
RANGE 55ns/40uA* 70ns/20nA* 90ns/40A* 90ns/300pA* 


Coamenr | ae owas | nwresiease | Hwrestezo | aurestezs | Hwresreace 
/883** -55°C to +125°C HM1-65162B/883 HM1-65162/883 HM1-65162C/883 


eee! 

a 

ee Cc 

eC 
pee! 

* Access Time/Data Retention Supply Current. 


JAN# 


SMD# 


8403606ZA 8403602ZA 8403603ZA 


** Respective /883 specifications are included at the end of this data sheet. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3000 
Copyright © Harris Corporation 1992 6-152 
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Pinouts 
24 LEAD DIP 32 LEAD LCC PIN NAMES 


TOP VIEW TOP VIEW 

[en _[_DEScRITON 
(_E _[enenatrower Sow 
TvesGNo [ore 
Twos Power ae) 
a 
outa 


E 
© 


Qm> Ol =| > 
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888 8 
SZ2ER ee Be 


ROW 
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MEMORY ARRAY 


peccoes 
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/ q pao 
THRU 
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hee DECODER j 
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= 
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” 
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Specifications HM-65162 


Absolute Maximum Ratings Reliability Information 

Supply: VolaGe s5 4.he scew Kote os oe Sal he exe bade Bowie's +7.0V Thermal Resistance Ba Qc 
Input, Output or I/O Voitage............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 48°C/W 8°C/W 
Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 85°C/W 40°C/W 
Junction Temperature. ....... 0... cee eee eee wees +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)..............cceeee +300°C Ceramic DIP Package ......ccssccscvencccesesssovans 1W 
Typical Derating Factor ........... 5mA/MHz Increase in ICCOP Ceramic LCC Package ..,........ ccc cece cere ee eaee 0.58W 
ESD Classification: « .iiciis0s decade een ceeds ence ss Glass:1: Gate Count $65 cescda wiiwis vane 18 ee aes Oa ke 26000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.............. 2c eee +4.5V to+5.5V Operating Temperature Range 
HM-65162S-9, HM-65162B-9, 
HM-65162-9, HM65162C-9..............008- -40°C to +85°C 


DC Electrical Specifications VCC = 5V + 10%; T, = -40°C to +85°C (HM-65162S-9, HM-65162B-9, HM-65162-9, HM-65162C-9) 


LIMITS 
SYMBOL PARAMETER | MIN. | MAX | UNITS TEST CONDITIONS 
ICCSB1 | Standby Supply Current ee | HM-65162B-9, IO = OmA, 


E = VCC - 0.3V, VCC = 5.5V 

HM-65162S-9, HM65162-9, 
| 1O = OmA, E = VCC - 0.3V, 
VCC = 5.5V 


HM-65162C-9, IO = OmA, 
E = VCC - 0.3V, VCC = 5.5V 


ICCOP 70 mA | E=0.8V,10 =0mA, f = 1MHz, | 
VCC = 5.5V 
ea pA | HM-65162B-9, IO = OmA, 


VCC = 2.0V, E = VCC - 0.3V 


HM-65162S-9, HM-65162-9, 
10 = OmA, VCC = 2.0V, 
E = VCC - 0.3V 


HM-65162C-9, IO = OmA, 


VCC = 2.0V, E = VCC - 0.3V 


VCC = 4.5V 
VCC = 5.5V 


Capacitance T, = +25°C 


SYMBOL PARAMETER | MAX UNITS | TEST CONDITIONS 
Input Capacitance (Note 2) } 10 | pF f = 1MHz, All measurer snts are 
referenced to device UND 


NOTES: 1. Typical derating 5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 
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Specifications HM-65162 


AC Electrical Specifications VCC = 5v + 10%, T, = -40°C to +85°C (HM-65162S-9, HM-65162B-9, HM65162-9, HM-65162C-9) 


LIMITS 
HM-65162S-9 | HM-65162B-9 | HM-65162-9 [| HM-65162C-9 


SYMBOL PARAMETER 
READ CYCLE 

(1) TAVAX Read Cycle Time 

(2) TAVQV Address Access Time 


(3) TELQV Chip Enable Access 
Time 


(4) TELQX | Chip Enable Output 
Enable Time 


on 
|e 
oO 
Eg 
oO 


o1 

1o,) 
En 
BE 

io) 


(5) TGLQV Output Enable Access 


Time 


(6) TGLQX Output Enable Output 


Enable Time 


(7) TEHQZ Chip Enable Output 


Disable Time 


nn 
Oo 


- 
j=) 


(8) TGHQZ Output Enable Output 


Disable Time 


oO 


& 
Ee 


EB 
on 


Ee 


{e) 
Ei 
o 


(21) TDVEH Chip Enable Data 


Setup Time 


(22) TAVWH _| Address Valid to End of 


Write 


45 


(9) TAVQX Output Hold From 5 5 (Notes 1, 3 
Address Change 
| WRITE CYCLE 
(10) TAVAX |WrteCycleTime [| 55 | - | 70 | - | 99 | - | 90 | - | re | (Notest,3) 
(11) TELWH | ChipSelectiontoEndof | 45 45 | 55 55 (Notes 1, 3) 
Write | 
(ATA [Adronsnmtwe | 6 | |||] || | ~ | toons 
(13) TWLWH_ | Write Enable Pulse 55 55 (Notes 1, 3) 
Width | | 6 
(14) TWHAX | Write Enable Read 10 10 10 10 (Notes 1, 3) 
Setup Time > 
(15) TGHQZ | Output Enable Output 30 35 40 (Notes 2, 3) 3 
Disable Time = 
Lu 
(16) TWLQZ_ | Write Enable Output 30 (Notes 2, 3) = 
Disable Time Y”) 
. Oo 
G7 Tow [oawsawtme | ={-|*|-|=|-|*|-|~ |emro] || 8 
O 
(a) TwHOX [Oaavontme {|| o][-[*]-|*|-]| = | eons 
(19) TWHQX | Write Enable Output | (Notes 1, 3) 
Enable Time 
(20) TWLEH | Write Enable Pulse Set-} 45 55 (Notes 1, 3) 
up Time 


ee (Notes 1, 3) 
as (Notes 1, 3) 
NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 45 and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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Timing Waveforms 


READ CYCLE 
TAVAX 1) 
TAVOV (2) 
ADDRESS = aes 
FNA)AADC{RW 
7 TGLOVs, 
E INS TGLOX (6) 
Q 


TELQX(4) 


eZ 


/ TEHOZ (a / TEHOZ (a 


GAEL LZ 


NOTE: Wis High for a Read Cycle 


Addresses must_remain stable for the duration of the read 
cycle. To read, G and E must be < VIL and W > IH. The 
output buffers can be controlled independently by G while E 
is low. To execute consecutive read cycles, E may be tied 


low continuously until all desired locations are accessed. 
When E is low, addresses must be driven by stable logic 
levels and must not be in the high impedance state. 


WRITE CYCLE | 
TAVAX (10) 

| iis 
EARS YWVZLZZ 

3)TWLWH 
ee tt 777 

(16) TWLOQZ TWHOX 

© RXR HID we 
D ROO OOOO OOK PRY 

' (22iTAVWH I 


NOTE: G is Low throughout Write Cycle 


To write, addresses must be stable, E low and W falling low 
for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W, (TDVWH and TWHDX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to the outputs must not 
be applied, (Bus contention). If E transitions low 
simultaneously with the W line transitioning low or after the 
Ww transition, the output will remain in a high impedance 
state. G is held continuously low. 
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Timing Waveforms (Continued) 
WRITE CYCLE ll 


ee NR 


eae a 

(14) 
BANOS MLLLL LLL 
oS "Wer 
Q KXLY TDVEH 
DOO OOK | AOVOOELO 


| 


TDVWH TWHDX 
(17) (18) 


In this write cycle G has control of the output after a period, TGHQZ. When W transitions high, the data in can change 


TGHQZ. G switching the output to a high impedance state after TWHDX to complete the write cycle. 
allows data in to be applied without bus contention after 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


power dissipation. 


1. Chip Enable (E) must be held high during data retention; within 3. Inputs which are to be held high (e.g., E) must be kept between a 
VCC - 0.3V to VCC + 0.3V. VCC + 0.3V and 70% of VCC during the power up and down O 

2. On RAMs which have selects or output enables (e.g., S, G), one transitions. = 
of the selects or output enables should be held in the deselected 4. The RAM can begin operation > 55ns after VCC reaches the min- s 
state to keep the RAM outputs high impedance, minimizing imum operating voltage (4.5 volts). wn 
O 

= 

O 


DATA RETENTION TIMING 


DATA 
RETENTION 
TIMING 


vec VCC >2.0V 


mi 


VCC -0.3V TO VCC +0.3V 
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Performance Curve 
TYPICAL ICCDR vs T, 
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FARRIS 


SEMICONDUCTOR 


Go HM-65 162/883 


2K x 8 Asynchronous 
CMOS Static RAM 


January 1992 


Features 


This Circuit is Processed in Accordance to Mil-Std-883 
and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Description 


The HM-65162/883 is a CMOS 2048 x 8 Static Random 
Access Memory manufactured using the Harris Advanced 
SAJI V process. The device utilizes asynchronous circuit 


e Fast Access Time...........c0cecceeeees 70/90ns Max design for fast cycle time and ease of use. The pinout is the 

JEDEC 24 pin DIP, and 32 pad 8 bit wide standard which 
imal icles CURONE as teiaennetrors Wat Sou Mex allows easy memory board layouts flexible to accommodate 
¢ Low Operating Current ............00 0c eeee 70mA Max =a _ variety of industry standard PROMs, RAMs, ROMs and 
¢ Data Retention at 2.0 Volts ................. 201A Max EPROMs. The HM-65162/883 is ideally suited for use in 


TTL Compatible Inputs and Outputs 
JEDEC Approved Pinout (2716, 6116 Type) 
No Clocks or Strobes Required 


microprocessor based systems with its 8 bit word length 
organization. The convenient output enable also simplifies 
the bus interface by allowing the data outputs to be 
controlled independent of the chip enable. Gated inputs 
lower operating current and also eliminate the need for pull- 


* Wide Temperature Range ............. -55°C to +125°C 

up or pull-down resistors. 
¢ Equal Cycle and Access Time 
¢ Single 5 Volt Supply 


Gated Inputs 
- No Pull-Up or Pull-Down Resistors Required 


Pinouts 
HM1-65162/883 (CERAMIC DIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


24] vec 
A8 

ZS AS AQ-A10 | Address Input a 
— i Oo 
Ww | EL Chip Enable/Power Down = 
ia DQO0 - DQ7 | Data in/Data Out 6 
E 

= 

paQ7 Power (5¥) O 
pas Write Enable 
DQ5 Output Enabie 
DQ4 
DQ3 


HM4-65162/883 CERAMIC LCC) 
TOP VIEW 


PIN NAMES 


| PIN. =| DESCRIPTION 
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HM-65 162/883 


Functional Diagram 


A 
7 
ROW 
ROW 
ADDRESS 
BUFFER DECODER 
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Specifications HM-65162/883 


Absolute Maximum Ratings Reliability Information 

SUPDIY VOMNWAGC 6.sv 56 holy vce Fh 506 ee a cease epee es +7.0V Thermal Resistance Ba 8c 
Input, Output or I/O Voltage............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 48°C/W 8°C/W 
Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 85°C/W 40°C/W 
Junction Temperature... 2.0... ee ce ee ee eens +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).............0.000 0s +300°C Ceramic DIP Package......... 0. cece cece eee e teens 1W 
Typical Derating Factor .......... 1.5mMA/MHz Increase in ICCOP Ceramic LOO: Package: «cecil ewes ok wae eee eudes 0.58W 
ESD Classitication nists <.aceuiaveneiwawy ceva ees Class 1 --Gate Count o.2..22 su. sesh hi oy eee ee een eS 26000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................-00. +4.5V to+5.5V = Input High Voltage... 1.6... cece eee eee ee -2.2V to VCC 
Operating Temperature Range................ -55°C to +125°C Data Retention Supply Voltage................00. 2.0V to 4.5V 
Input Low Voltage... . eee eee ee eee eee OV to +0.8V Input Rise and Fall Time... .. 1... ec eee ee eee 40ns Max. 
Chip Enable High/Low Time.............. cece ees 40ns (Min) 


TABLE 1. 65162/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


LIMITS 
Rote sHOUDiA puiMirs | 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
High Level Output VOH1 VCC = 4.5V, 10 =-1.0mA -55°C < Ty $ +125°C V 
Voltage 
Low Level Output VOL VCC = 4.5V, IO = 4.0mA 1,2,3 -55°C < Ty $ +125°C 0.4 
Voltage 
12,9 


V 
pA 


High Impedance VCC = 5.5V, G = 2.2V, or 1 55°C < Ty < +125°C 
Output Leakage E = 2.2V, Vi/O = GND or VCC 
Current 
Input Leakage VCC = 5.5V, -55°C < Ta < +125°C A 
Current VI = GND or VCC 
Standby Supply ICCSB1 HM-65162B/883, IO = OmA, -55°C < Ty $ +125°C 
Current VCC = 5.5V, E = VCC -0.3V 
HM-65162/883, |O = OmA, -55°C < Ty $ +125°C 
VCC = 5.5V, E = VCC -0.3V 
HM-65162C/883, 10 = OmA, -55°C < Ta $ +125°C 
VCC = 5.5V, E = VCC - 0.3V 
Standby Supply ICCSB VCC = 5.5V, IO = OmA, -55°C < Ty < +125°C 
Current E=2.2V 
VCC = 5.5V, G = 5.5V, 1,2,3 55°C < Ty $ +125°C 


Operating Supply ICCOP o\ 
Current (Note 2), f = 1MHz, E = 0.8V 
Enable Supply ICCEN VCC = 5.5V, 1O = OmA, 1,2,3 -55°C < Ty $ +125°C 
Current E=0.8V 


Data Retention ICCDR HM-65 162B/883, IO = OmA, -55°C < Ty $ +125°C A 
Supply Current VCC = 2.0V, E = VCC - 0.3V 
HM-65 162/883, IO = OmA, 1,2,3 -55°C < Ty $ +125°C pA 
VCC = 2.0V, E = VCC - 0.3V 
HM-65162C/883, IO = OmA, 1,2,3 -55°C < Ty $ +125°C 3 pA 


VCC = 2.0V, E = VCC - 0.3V 
Functional Test VCC = 4.5V (Note 3) 
NOTES: 


1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 
TTL gate equivaient, CL = 50pF (min) - for CL greater than 50pF, access time by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


7, 8A, 8B -55°C < Ty $ +125°C 


‘ 
ond 
= = = = 
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Specifications HM-65162/883 


TABLE 2. HM-65162/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
HM-65162B HM-65162 HM-65162C 
/883 /883 /883 
TEMPERA- 


Device Guaranteed and 100% Tested. 


GROUPA 
SUB- 


TURE UNITS 


-55°C <Ta < 
+125°C 


-55°C < Ta < 
+125°C 


-55°C <Ta 70 
+125°C 


~“ 
co) 


+125°C 


-55°C <Ta < lad 
Chip Selection | (11) TELWH | VCC=4.5V | 9,10,11 | -55°C<T, < 
to End of Write and 5.5V +125°C 
Address Setup | (12) TAVWL | VCC = 4.5V -55°C <Ta < 10 
Time and 5.5V +125°C 
Write Enable , (13) TWLWH_ {| VCC = 4.5V 
Pulse Write and 5.5V 
Write Enable (14) TWHAX | VCC =4.5V <T, < 
Read Setup and 5.5V 
Time 
Data Setup (17) TOVWH | VCC=4.5V | 9,10,11 | -55°C<Ty < 30 
Time and 5.5V +125°C 


+125°C 


Data Hold Time | (18) TWHDX | VCC = 4.5V 9,10, 11 -55°C <Ta S 
and 5.5V 4+125°C 


Write Enable (20) TWLEH 
Pulse Setup 
Time 
(21) TOVEH VCC = 4.5V 
and 5.5V 
Address Valid (22) TAVWH |} VCC = 4.5V 9, 10, 11 
to End of Write and 5.5V +125°C 


NOTES: 


1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load. 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


VCC = 4.5V 
and 5.5V 


Chip Enable 
Data Setup 
Time 
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TABLE 3. HM-65162/883 ELECTRICAL PERFORMANCE CHARACTERISTICS, A.C. AND D.C. 


LIMITS 
HM-65162B/ HM-65162/ HM-65162C/ 
TEMPERA- ii i = 
PARAMETERS | SYMBOL NOTES TURE 


raaX an | 
Be ace Dacranart 125°C . a 
2 | 


Cc 


NITS 


fo} 
Measurements 1,3 +25°C 
Referenced To 
Device Ground 
CVO | VCC =Open, li age 2 rae 

F = 1Mkz, All ree - 
Measurements +25 
Referenced To 
Device Ground 

Chip Enable to (4) |VCC=4.5V and 1 -55°C<Tas | 5 

Output ON TELQX | 5.5V +125°C 

Output Enable (6) VCC = 4.5V and 1 -55°C S$ Tas 

to Output ON TGLQX ]| 5.5V +125°C 


V/O 
Capacitance 


Chip Enable (7) -55°C < Tas 
High to Output TEHQZ | 5.5V 
In High Z 
(8) 
TGHQZ | 5.5V 
(9) VCC = 4.5V and 55°C <Ta< 
from Address TAVQX | 5.5V 
Change 
Write Enable to (16) VCC = 4.5V and 1 -55°C <Tas 50 
Output in High Z | TWLQZ |{ 5.5V +125°C 
Write Enable (19) VCC = 4.5V and 1 
High to Output TWHQX | 5.5V 
ON 
Output High VOH2 | VCC = 4.5V, -55°C < Tas § VCC - 
Voltage IO =-100HA +125°C 0.4V 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 
3. Applies to LCC device types only. 


Output Disable 
to Output in 
High Z 


Output Hold 


-55°C < Tas 


co 
¥ 


40 


pF 
pF 
pF 
pF 
V 


VCC - VCC - 
0.4V 0.4 


_ 
© 


TABLE 4. APPLICABLE SUBGROUPS 


a 
A 
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HM-65 162/883 


Timing Waveforms 


READ CYCLE 
TAVAX (1 
TAVOV 2 

appresS = XK =| 
ENNANC 
= TGLOV,, - TEHOZ ame 
DWN VIAII ILE 
ero ES 


TELQX(4) 


NOTE: Wis High for a Read Cycle 


Addresses must_remain stable for the duration of the read 
cycle. To read, G and E must be < VIL and W > IH. The 
output buffers can be controlled independently by G while E 
is low. To execute consecutive read cycles, E may be tied 


low continuously until all desired locations are accessed. 
When E is low, addresses must be driven by stable logic 
levels and must not be in the high impedance state. 


WRITE CYCLE | 


TAVAX 110) 


ADDRESS 


TWHAX 


= (14) 
SS YYZZZZ 
(13]TWLWH 
eee =e 77, ; 
SAS ?* TWHOX 
«SERA “gs 
» EERE OR 
(17) TOVWH i al - 
' (22TAVWH 


NOTE: Gis Low throughout Write Cycle 


To write, addresses must be stable, E low and W falling low 


for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W, (TOVWH and TWHDX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to the outputs must not 
be applied, (Bus contention). If E transitions low 
simultaneously with the W line transitioning low or after the 
W transition, the output will remain in a high impedance 
state. G is held continuously low. 
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HM-65 162/883 


Timing Waveforms (Continued) 
WRITE CYCLE il 


= —— 
Wh 4 ION 


(14) 


G>| 


NANA MTLLLLLL. 

SENNUN Wud 2940004 

> OKKRY cam ere 
rovw THK 


In this write cycle G has control of the output after a period, TGHQZ. When W transitions high, the data in can change 
TGHQZ. G switching the output to a high impedance state after TWHDX to complete the write cycle. 
allows data in to be applied without bus contention after 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


1. Chip Enable (E) must be held high during data retention; within 3. Inputs which are to be held high (e.g., E) must be kept between a 
VCC - 0.3V to VCC + 0.3V. VCC + 0.3V and 70% of VCC during the power up and down O 

2. On RAMs which have selects or output enables (e.g., S, G), one transitions. = 
of the selects or output enables should be held in the deselected 4. The RAM can begin operation > 55ns after VCC reaches the min- s 
state to keep the RAM outputs high impedance, minimizing imum operating voltage (4.5 volts). nw” 
power dissipation. 

O 


DATA RETENTION TIMING 


DATA 
RETENTION 
TIMING 


vec VCC > 2.0V 


VCC -0.3V TO VCC +0.3V 


mi 
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HM-65 162/883 


Test Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, 
AND AGICARLCHTANICE i EQUIVALENT CIRCUIT 
Burn-in Circuits 
HM-65162/883 CERAMIC DIP HM-65162/883 CERAMIC LCC 
vec “ see 
Y Cc vg 
F10 ATT a}-VEC a) 
sis 12 | [23}-“8 Fi eh 
re a El aS Fi2 
a Aaa 21-4 Fi ag 
F6 Aare rz0+-S es F9 2 Fi 
Si aay ya}-At F13 7 AA 
es a is} FO a A3 z 
F3 AO re DQ7 és ee a2 i 
F2 ae 9 | 6-298 z * At ay 
F2 pet fo] 5}DQ5 cs a AO és 
ra pee hii] 14, F2 NC = 
GND >} a}-293 = = pao a 
\/ 


NOTES: NOTES: 

All resistors 47kKW +5% All resistors 47kW +5% 

FO = 100kHz +10% FO = 100kHz +10% 

Fi =FO+2,F2=F1+2,F3=F2+2...F19=F12+2 F1=FO+2,F2=F1i+2,F3=F2+2...F13=F1i2+2 
VCC = 5.5V +0.5V VCC = 5.5V +0.5V 

VIH = 4.5V +10% VIH = 4.5V 10% 

VIL = -0.2V to +0.4V VIL = -0.2V to +0.4V 

C =0.01pF Min. C =0.01pF Min. 
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HM-65 162/883 


Metallization Topology 


DIE DIMENSIONS: 
186.2 x 200.1 x 19+ 1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.7 x 10° A/com? 


Metallization Mask Layout 


HM-65162/883 
G 
REI eA AEE 
A2 : —— a ea eee vi lees ‘o A10 


ult if ae 


tea i. 
+1 CHT ve 
4 i 


ie 


CMOS MEMORY 


DQO pat DQ2 GND DQ3 DQ4 DQ5 DQ6 
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HM-65 162/883 


Packaging 
24 PIN CERAMIC DIP 
1.240 
1270 515 
.005 MIN a. a 
en 
,225 MAX L 
a 3 
O15 | 150 MIN 
.060 
3125) a .098 MAX ~a/ 008 * 1 
180 016" 100 -015 
“023 ; BSC 
.050 
065 * INCREASE MAX LIMIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T24 


MATERIALS: Compliant to MIL-M38510 


32 PAD CERAMIC LCC 


540 
.960 


.050 
BSC 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, CQCC1-N32 


MATERIALS: Compliant to MIL-M38510 


NOTE: All Dimensions are — Dimensions are in inches. 
x 
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HM-65262 


16K x 1 Asynchronous 
January 1992 CMOS Static RAM 


i FIARRIS 


SEMICONDUCTOR 


Features Pinouts 


Fast Access Time....... 0... cece eee eee c ccc ee ccc eecnensecees 70/85ns Max 20 LEAD DIP 
Low Standby Current............ ccc ccc cece cece e cece nese eaceesceeses 50A Max TOP VIEW 
Low Operating Current .5.0oe-is ease eed s Cake ee eu 55S eee ENG Weree's 50mA Max 
Data Retention at 2.0 Volts ........ 0. cece ccc ee ccc eee enc eens 201A Max 
TTL Compatible Inputs and Outputs 

JEDEC Approved Pinout 

No Clocks or Strobes Required 

Temperature Range ....... 2... cece ccc ee ce eee ee ee ee eeees + 55°C to +125°C 
Equal Cycle and Access Time 

Single 5 Volt Supply 

Gated Inputs-No Pull-Up or Pull-Down Resistors Required 


Description 


The HM-65262 is a CMOS 16384 x 1 bit Static Random Access Memory manufactured using the Har- 
ris Advanced SAJI V process. The device utilizes asynchronous circuit design for fast cycle times and 
ease of use. The HM-65262 is available in both JEDEC standard 20 pin, 0.300 inch wide DIP and 20 
pad LCC packages, providing high board-level packing density. Gated inputs lower standby current, 
and also elminate the need for pull-up or pull-down resistors. 


The HM-65262, a full CMOS RAM, utilizes an array of six transistor (6T) memory cells for the most stable 20 LEAD LCC 
and lowest possible standby supply current over the full military temperature range. In addition to this, the TOP VIEW 

high stability of the 6T RAM cell provides excellent protection against soft errors due to noise and alpha par- 
ticles. This stability also improves the radiation tolerance of the RAM over that of four transistor (4T) devices. 


Functional Diagram 


MEMORY ARRAY 
128 X 128 


128 


COLUMN DECODER 
(1 OF 128 
AND I/O CIRCUITRY 
: A 
> ca 


COLUMN 
ADDRESS BUFFERS 


towed bed bed bad bad 


1a ams 1D on 


poe, Sle oth Bt Sah ope, 


mil 
e 


=i 


CMOS MEMORY 


| AO-A13 | Address Input 
Chip Enable/ 
Power Down 
VSS/ Ground 
GND 
Power (5) 
Write Enable 


Ordering Information 


PACKAGE TEMP. RANGE 70ns/20pA" *85ns/20A* *85ns/400LA* 
Ceramic DIP -40°C to +85°C HM1-65262B-9 HM1-65262-9 HM1-65262C-9 


sot 
sMo# [eersgoava _[eaisooiva | 


* Access Time/Data Retention Supply Current 
** Respective /883 specifications are included at the end of this data sheet. 


/883"* “55°C to +125°C | HM1-652628/883 | HM1-65262/883 | = - 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3002 
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Specifications HM-65262 


Absolute Maximum Ratings Reliability Information 

SUppIy VONEGO : 566i besade i ise cease eeed ddd dene eoasas +7.0V Thermal Resistance.................. Bia Bic 

Input or Output Voltage Applied for ali grades ...... -0.3V to VCC+0.3V Ceramic DIP Package .............. 66°C/W 13°C/W 
Storage Temperature Range .................0005 -65°C to +150°C Ceramic LCC Package.............. 85°C/W 40°C/W 
Junction Temperature... 6... ccc eee eens +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)............. 0.00 e seen +300°C Ceramic DIP Package .......... 0... cece eee eee e eee 0.75W 
Typical Derating Factor................ SmA/MHz Increase inICCOP Gate Count ........... 0... cece cece eee een etees 26256 Gates 
ESD Classification .......... 00. ccc cece eee eens Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range........... 2c. cece eee +4.5V to +5.5V Operating Temperature Range 
HM-65262B-9, HM-65262-9, HM-65262C-9 ..... -40°C to +85°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -40°C to +85°C (HM-65262B-9, HM-65262-9, HM-65262C-9) 
HM-65262C-9, 1O = OmA, 
ICCEN Enabled Supply Current 
m E = 0.8V, lO = OmA, f = 1MHz, 
VCC = 5.5V 


Pi in| tice | 
ICCSB1 | Standby Supply Current on eae HM-65262B-9, HM-65262-9, IO = OmA, 
: E = VCC - 0.3V, VCC = 5.5V 
_ Ral Bae 
E = VCC - 0.3V, VCC =5.5V 
[5 [ wa [E2210 Onn oo say 
coe [50 [ma E0010 Ona OO Sav 
Data Retention Supply Current a HM-65262B-9, HM-65262-9, 
7 


VCC = 2.0V, E = VCC 


HM-65262B-9, HM-65262-9, 
VCC = 3.0V, E = VCC 


HM-65262C-9, VCC = 3.0V, E = VCC 


Vi = VCC or GND, VCC = 5.5V 


Capacitance T, = +25°C 


SYMBOL PARAMETER 
Input Capacitance (Note 2) 
Input/Output Capacitance (Note 2) 


NOTES: 1. Typical derating 5mMA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


TEST CONDITIONS 


f = 1MHz, All measurements are 
referenced to device GND 


12 
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AC Electrical Specifications vcc =5V 10%, TA =-400C to +850C (HM-65262B-9, HM-65262-9, HM-65262C-9) 


LIMITS 
HM-65262B-9 HM-65262-9 | HM-65262C-9 | TEST 
SYMBOL PARAMETER UNITS | CONDITI 


READ CYCLE 
(1) TAVAX 
(2) TAVQV 
(3) TELQV 
(4) TELQX 


Oo 
= 
77) 


Read/Cycle Time 


“J 
(2) 


Notes 1,3 
Notes 1,3 
Notes 1,3 
Notes 2, 3) 


— 


Address Access Time 70 
Chip Enable Access Time 


Chip Enable Output Enable 
Time 


“J 
Oo 
fo) 
oa 


(5) TEHQX | Chip Disable Output Hold 


Time 


(Notes 2, 3) 


om J msm Fm jf mm 
~~ | ‘ee 


(6) TAXQX Address Invalid Output Hold 


Time 


(Notes 2, 3) | 


(7) TEHQZ Chip Enable Output Disable 


Time 


o 
i) 
io) 


(Notes 2, 3) 


E 
o) 


WRITE CYCLE 
(8) TAVAX Write Cycle Time 
(9) TELWH 


“NJ 


ie) 


Notes 1, 3) 
Notes 1, 3) 


Chip Selection to End of 
Write 


5 


on 
Fate 


(10) TWLWH_ | Write Enable Pulse Width 4 


o 
> 
oO 


- 


Notes 1, 3) 


(11) TAVWL Notes 1,3 


(12) TWHAX 
(13) TDVWH 
(14) TWHDX 
(15) TWLOZ 


Address Setup Time 
Address Hold Time 


— 


otes 1,3 


z 


aom™ Fm i —_ 
Zz 
— 


© 


Data Setup Time 
Data Hold Time 


otes 1,3 
Notes 1, 3) 
Notes 2, 3) 


-~ 
— 


Write Enable Output Disable 
Time 


@ 


(ee) 


-_~ 


(16) TWHQX | Write Disable Output Enable 


Time 


Address Valid to End of Write 


(Notes 2, 3) 


' 


(17) TAVWH 
(18) TAVEL 
(19) TEHAX 
(20) TAVEH 
(21) TELEH 
(22) TWLEH 


55 


fey) 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


Address Setup Time 
Address Hold Time 

Address Valid to End of Write 55 
Enable Pulse Width 


Write Enable Pulse Setup 
Time 


(23) TDVEH 
(24) TEHDX 


NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and CL = 50pF (min) - for CL greater than S0pF, access time is derated by 0.15ns per pF. 
2 Tested at initial design and after major design changes 


3. VCC = 45 and 5 5V. 


@ 
Oo 


Chip Setup Time 
Data Hold Time 


® 
on 


(Notes 1, 3) 
(Notes 1, 3) 


°o 
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HM-65262 


Timing Waveforms 


READ CYCLE 1: CONTROLLED BY E 


RO ROQQOOCOOKR OOOO OOOOOKES 


TEHQZ ———>, 
TELOX (5) (7 
(4) TEHOX <— 
Q QQOODQDOK KOKO 


NOTE: W is high for entire cycle and D ts ignored. Address is stable by 
the time E goes low and remains valid until E goes high. 


READ CYCLE 2: CONTROLLED BY ADDRESS 


| _________———- TAA ——_—_—————r 


a 
TAVQV 
(2) 
E : 
WER: se a 
TELOX (4) vr 
TAXOX (6) 


© 


XK KK KKMKMKKK KIC KOKORO 


NOTE: W 1s high for the entire cycle and D is ignored. E ts stable prior 
to A becoming valid and after A becomes invalid. 


WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 


18) 
i TAVAX inal 
A XK KK 
7 
TAVWH (17) ee 
TELWH 19} 
E 
*A KIS HS LK 
(7) 
TEHOZ ——> 
W 


TWHDX (14) 
ee ee ee 


DO OR OOOQOOQOD OK | IOXOOOOOOOKR. 


TWLOZ 
tetox |" TWHOX 116} 
(4 — 
Q KKXKKAXIOO QOOCOXOXOOY 


NOTE: In this mode, E rises after W. The address must remain stable 
when- ever both E and W are low. 
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Timing Waveforms (Continued) 


WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 


(18) 
TAVEL >| |<—_______- Z (19) 
= | 


RA AR AAS CLL HK ug 
TWHOX 
(24) 
TEHDX 


DO XOOXOIOOKXXK XX eb SOC COC 


ae 
TELOX 
Q XXX COONS 


(15) (7) 
TWLOZ TEHOQZ 


NOTE: In this mode, W rises after E. if W falls before E by a time 
exceeding TWLQZ (Max) TELQX (Min), and rises after E by a 
time exceeding TEHQZ (Max)-TWHQZ (Min), then Q will 
remain in the high impedance state throughout the cycle. 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


1. Chip Enable (E) must be held high during data retention; 3. Inputs which are to be held high (e.g., E) must be kept 
within VCC to VCC + 0.3V. between VCC + 0.3V and 70% of VCC during the power 


2. On RAMs which have selects or output enables (e.g., S, up and down transitions. 


G), one of the selects or output enables should be held in 4. The RAM can begin operation > 55ns after VCC reaches 
the deselected state to keep the RAM outputs high the minimum operating voltage (4.5 volts). 
impedance, minimizing power dissipation. 


> 
a 
Oo 
= 
Ww 
= 
” 
2) 
= 
O 


DATA RETENTION TIMING 


—~<——— DATARETENTION 
MODE 


vcc 


vcc 2 2.0V 


VCC -0.3V TO VCC +0.3V 
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HM-65262 


Performance Curve 
TYPICAL ICCDR vs T, 


=2.0V 


Vcc 


TALI ETT 
\ 


CCE 
CECEE ETE 
lb ieseeaa 


((WL) /997) 91907 


125 


105 


85 


65 


45 


25 


TA (8C) 
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@rarnes HM-65262/883 


16K x 1 Asynchronous 


January 1992 CMOS Static RAM 
Features Pinouts 
HM1-65262/ ERAMIC DIP 
¢ This Circuit is Processed in Accordance to Mil-Std-883 and is Bae she das aa 
Fully Conformant Under the Provisions of Paragraph 1.2.1. 
e Fast Access Time. ........... 0c cece eee c ccc eaee 70/85ns Max 
e Low Standby Current........... 0... cece eect ee neen 50,A Max 
¢ Low Operating Current .......... 000 cece ene ccnces 50mA Max 
¢ Data Retention at 2.0 Volts ............. ce ceca eee 20LA Max 


¢ TTL Compatible Inputs and Outputs 

e JEDEC Approved Pinout 

¢ No Clocks or Strobes Required 

e Temperature Range...............eeseenees + 55°C to +125°C 
¢ Equal Cycle and Access Time 

¢ Single 5 Volt Supply 

e Gated Inputs-No Pull-Up or Pull-Down Resistors Required 


Description 


The HM-65262/883 is a CMOS 16384 x 1 bit Static Random Access 
Memory manufactured using the Harris Advanced SAJI V process. The 
device utilizes asynchronous circuit design for fast cycle times and ease 
of use. The HM-65262/883 is available in both JEDEC standard 20 pin, 
0.300 inch wide DIP and 20 pad LCC packages, providing high board- 
level packing density. Gated inputs lower standby current, and also elmi- 
nate the need for pull-up or pull-down resistors. 


The HM-65262/883, a full CMOS RAM, utilizes an array of six transistor 
(6T) memory cells for the most stable and lowest possible standby sup- 
ply current over the full military temperature range. In addition to this, the 
high stability of the 6T RAM cell provides excellent protection against soft 
errors due to noise and alpha particles. This stability also improves the 
radiation tolerance of the RAM over that of four transistor (4T) devices. 


TOP VIEW 


0 
= Qua 


Functional Diagram 


[AO-Ais | Adress input _ 
S| eterton | 
Power Down 

es Ce 
P| tain 


CMOS MEMORY 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number GOOS3 
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Specifications HM-65262/883 


Absolute Maximum Ratings Reliability Information 

Supply VONAGE sy.o5 oss ei iw aw aw eal el ead ges +7.0V Thermal Resistance.................. Ba Bc 

Input or Output VoltageApplied for all grades. ...... -0.3V to VCC+0.3V Ceramic DIP Package .............. 66°C/W 13°C/W 
Storage Temperature Range ............. 0.000005 -65°C to +150°C Ceramic LCC Package.............. 85°C/W 40°C/W 
Junction Temperature... 00.0... ee eee eee eee +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)............... 00. eens +300°C Ceramic DIP Package ............ 0... ce eee eee eee 0.75W 
Typical Derating Factor................ 5mA/MHz Increase inICCOP Gate Count ........ 0... 0... cece cee eee eee ee eee 26256 Gates 
ESD Classification .......... 0... 0. eee ee eee Pah Rik owors Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................00 08. +4.5V to +5.5V = Input High Voltage (VIH)...................06. -+2.2V to VCC 
Operating Temperature Range................ -55°C to +125°C Data Retention Supply Voltage.............. 0005. 2.0V to 4.5V 
Input Low Voltage... 2... eee eee eee eee OV to +0.8V Input Rise and Fall Time ........ 0... . 0. cece ee eee 40ns Max. 


TABLE 1. HM-65262/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


(NOTE 1) GROUP A 
D.C. PARAMETER SYMBOL CONDITIONS SUB-GROUPS TEMPERATURE UNITS 


High Level Oupat Voltage VoO=4ev,0=--40mA | aS | eerostsrteso faa] - | Vv 
Low Level Output Voltage VCC = 4.5V, IO = 8.0mA -55°C<TaS+125°C 
1Oz 


High Impedance Output VCC =5.5V, E = 5.5V, VO = GND 1,2,3 -55°CsT,S+125°C 1.0 
Leakage Current or VCC 


= 


Input Leakage Current a VCC = 5.5V, Vi = GND or VCC -55°C<Tas+125°C 1.0] pA | 


Standby Supply Current ICCSB1 | VCC =5.5V, IO = OmA, E = VCC - Loe -55°C<Tg<+125°C ea Real 
0.3V 


Standby Supply Current ICCSB_ | VCC =5.5V, 10 = OmA, E=2.2V -55°C<Tas+125°C | - | 5 | m | 
.E 1,2,3 -55°C<TaS+125°C eu 


BS 


3 


3 


Operating Supply ICCOP |} VCC =5.5V, (Note 2), f = 1MHz,E ney 50 
Current =08V 

Data Retention Supply ICCDR: =| VCC =2.0V, lO = OmA, E = VCC - 1,2,3 -55°C<T,S+125°C 20 
Current 0.3V 


= 


3 


Enable Supply Current ICCEN | VCC =5.5V, IO = OmA, E =0.8V -55°C<Tas+125°C | 50 | mA | 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4 OmA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


TABLE 2. HM-65262/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


GROUP A 
SUB- 
GROUPS 


(NOTES 1,2) 
CONDITIONS 


HM-65262B/883 | HM-65262/883 
TEMPERA: LIMITS LIMITS 
TURE 


UNITS 


Address Hold Time | (9) TEHAX | VCC =45V and 5.5V 55°C<Ta<+125°C J 0 | 
55°C<T,< 


Address Valid to End | (10) TAVEH [VCC =45Vand55V| 9,10,11 | -55°C<T,<+125°C 
of Writes 


CAUTION: These devices are sensitive to electronic discharge Proper IC handling procedures should be followed. 
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ie 
am 
[ 
iE 
ad 


Address Valid to End | (7) TAVWH | VCC =45Vand55V| 9,10,11 | -55°C<Ty<+125°C Eo | 
of Write 


Specifications HM-65262/883 


TABLE 2. HM-65262/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Guaranteed and 100% Tested 
HM-65262B/883 | HM-65262/883 
(NOTES 1,2) TEMPERA- EMTS tind 
UNITS 


GROUP A 
SUB- 


A.C. PARAMETERS | SYMBOL CONDITIONS GROUPS TURE 


Write Enable Pulse | (11) TWLWH | VCC = 4.5V and 5.5V aca 5°C<Tast+125°C 
Write 


° ee 
Data Setup Time 12) TDVWH } VCC =45Vand5.5V| 9, 10,11 | -55°C<T,<+125°C J 30 | 
Data Hold Time 3) TWHDX [VCC =4.5Vand5.5V| 9, 10,11 | -55°C<Ta<+125°C J 0 


: 


Enable Pulse Width VCC = 45V and 5.5V 

Write to End of Write VCC = 4.5V and 5.5V 40 
Data Setup Time VCC = 4.5V and 5.5V | 910,11 | -55°C<Ta<+125°C | | 30 | 
Data Hold Time VCC = 4.5V and 5 5V | 0 


NOTES: 
1. All voltages referenced to device GND. 
2. Input pulse levels 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent, CL = SOpF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 
3. TAVQV = TELQV + TAVEL. 


TABLE 3. HM-65262/883 ELECTRICAL PERFORMANCE CHARACTERISTICS, A.C. AND D.C. 


(NOTE 1) LIMITS 
PARAMETERS CONDITIONS NOTES | TEMPERATURE 
Input Capacitance VCC = Open, f = 1MHz, All De] Ta = +25°C 


SYMBOL 
CIN 


Measurements Referenced To 
Device Grounds 


VCC = Open, f = 1MHz, All 
Measurements Referenced To 
Device Grounds 


Output Capacitance 


co VCC = Open, f = 1MHz, All 
Measurements Referenced To 
Device Grounds 


Tp = +25°C 
1,3 Ty = +25°C 


-55°CSTpS+125°C 
Write Enable High to Output ON | (19) TWHOX | VCC = 4.5V and 5.5V 1 -55°C<T,S$+125°C 


VCC = Open, f = 1MHz, All 
Measurements Referenced To 
Device Grounds 


18) TWLQZ | VCC = 4.5V and 5.5V 


Write Enable to Output in High Z 
Chip Enable to Output ON 20) TELQX [VCC = 4.5V and 5.5V -55°CSTas+125°C 


dsl 

cineca iienisassii Well Stance 
High Z 

@TEHOX 
@) TaxaK [Voo=4sVendsav | 1 | ser0myerias"o 
Beh lnticesciewa 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design release and upon design changes which would affect these characteristics. 

2. Applies to DIP device types only. 

3. Applies to LCC device types only. 


4 


Oo 
CMOS MEMORY 


VOH2 VCC = 4 5V, 1IO =-100mA vcc 


-0.4V 


um Fos 
© 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE | 
GROUPS METHOD SUBGROUPS 


Initial Test 100%/5004 
100705004 


ee 
1, 

POR toons 

a 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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Groups C & D 


HM-65262/883 


Timing Waveforms 


READ CYCLE 1: CONTROLLED BY E 


A KKK KKK KX 
(4) 
TELQV 


mij 


COCO SEE VOCS 


NOTE: Wis high for entire cycle and D is ignored. Address is stable by 
the time E goes low and remains valid until E goes high. 


READ CYCLE 2: CONTROLLED BY ADDRESS 


(1) 


TAVAX 
A aT TTT 
(2) 
TAVQV 
EO ; Te 
TELQX TEHQZ 


(20) 
TAXQX (23) 


a OQIDAXIQXKLZOK HEX K KNOY 


NOTE: W is high for the entire cycle and D is ignored. E is stable prior 
to A becoming valid and after A becomes invalid. 


WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 


(1) 


TAVAX 
A XK s—“‘“‘“ UR 
TAVWH (7) TWHAX (5) 
E TELWH (3) 
WA ASS x / LHe 
(21) 
TEHQZ 
WwW ~] 
en. 
(13) 
TWHDX 
DXKKXKKXKXK KKK KKK 
TWLQZ (18) 
(19) 
TELQX (20) TWHOX 
a KKK KKXKRXDY OX KKK KXOD 


NOTE: In this mode, E rises after W. The address must remain stable 
when- ever both E and W are low. 
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HM-65262/883 


Timing Waveforms (Continued) 


WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 


A 
TAVEH (10) TEHAX (9) 
~ TAVEL TELEH (14) 
E 
Ww . 
RX AAA AT tL LH (19) 
TWHOX 
(16) 
TOVEH (17) 
TEHDX 

\/Y x xx 

D xxXK Xx Kx LK XOXOK KKXXKOO 
(20) 
TELQX 

a COONS OOOO 

TWLQZ (18) TEHQZ (21) 


NOTE: In this mode, W rises after E. If W falls before E by a time 
exceeding TWLQZ (Max) TELQX (Min), and rises after E by a 
time exceeding TEHQZ (Max)-TWHQZ (Min), then Q will 
remain in the high impedance state throughout the cycle. 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 


1. Chip Enable (E) must be held high during data retention; 3. Inputs which are to be held high (e.g., E) must be kept 
within VCC to VCC + 0.3V. between VCC + 0.3V and 70% of VCC during the power 


2. On RAMs which have selects or output enables (e.g., S, Up enid cow transitions: 


G), one of the selects or output enables should be held in 4. The RAM can begin operation > 55ns after VCC reaches 
the deselected state to keep the RAM outputs high the minimum operating voltage (4.5 volts). 
impedance, minimizing power dissipation. 


DATA RETENTION TIMING 


~«<——— DATA RETENTION 
MODE 


vec VCC >2.0V 


SSASSSG 


VCC -0.3V TO VCC +0.3V 
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HM-65262/883 


Test Circuit 


DuT © 
(t) ion : 
* TEST HEAD 
CAPACITANCE, i 
INCLUDES STRAY : 
ANDJIGCAPACITANCE io. rates esate hice et TOO 
Burn-In Circuits 
HM-65262/883 CERAMIC DIP HM-65262/883 CERAMIC LCC 
vec 
@ 
‘ie Ao FF Fy vec za 
F4 = 2 | fo} AS F16 
FS = Ei na F15 
A3 Ai1 “5 
F6 7 | 4 17 F14 F6 ai F15 
F7 5 | e6}o~ F13 F7 5] F14 
AS =s 
Fs 6 | s}o2 F12 FS 6 Fig 
AG 1 Fi2 
Fo ap Ae Fit ne Ls 
Q AT F2 8! F114 
F2 = | 8 | 13 F10 2 
FA 9 | 12 }-2 F2 
GND E 
10 i}= Fo 
\/ 
\/ sad oS N So 
uu. wo lh i 
NOTES: NOTES: 


All resistors 47kQ +5% 

FO = 100kHz 10% 

Fi =FO+2,F2=F1+2,F3=F2+2...F13=F12+2 
VCC = 5.5V +0.5V 

VIH = 4.5V 10% 

VIL = -0.2V to +0.4V 

C =0.01pF Min. 


All resistors 47kQ +5% 

FO = 100kHz +10% 
Fi=FO+2,F2=F1+2,F3=F2+2...Fi3=Fi2+2 
VCC = 5.5V +0.5V 

VIH = 4.5V +10% 

VIL = -0.2V to +0.4V 

C = 0.01pF Min. 
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HM-65262/883 


Metallization Topology 


DIE DI®ENSIONS: 
186.2 x 200.1 x 19+ 1Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 2kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.2 x 10° A/cm? 


Metallization Mask Layout 


HM-65262/883 


A2 Al AO vec A13 A12 


A11 


A10 


> 
ie a9 
O 
= 
Lu 
= 
” 
O 
= 
oO 


A9 


A8& 
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HM-65262/883 


Packaging 
20 PIN CERAMIC DIP 


| .150 MIN 
.080 MAX 


ae 
1S° 
-100 
BSC 
* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T20 
MATERIALS: Compliant to MIL-M38510 
20 PAD CERAMIC LCC 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, CQCC1-N20 
MATERIALS: Compliant to MIL-M38510 


NOTE: All Dimensions are a, Dimensions are in inches. 
ax 
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SEMICONDUCTOR 


HM-65642 


8K x 8 Asynchronous 


January 1992 CMOS Static RAM 

Features Description 

* Full CMOS Design The HM-65642 is a CMOS 8192 x 8-bit Static Random Access 

e Six Transistor Memory Cell Memory. The pinout is the JEDEC 28 pin, 8-bit wide standard, which 

e Low Standby Supply Current ...............-.0005 100)A allows easy memory board layouts which accommodate a variety of 
owe sing Gunohe Curent 20mA industry standard ROM, PROM, EPROM, EEPROM and RAMs. The 

a OW 7 DEFAME PUPPY RLCU hy east narene kasama es MA —HM-65642 is ideally suited for use in microprocessor based 

e Fast Address Access Time ........... ccc ceeeeeces 150ns systems. In particular, interfacing with the Harris 80C86 and 80C88 

° Low Data Retention Supply Voltage................6. 2.0¥ microprocessors is simplified by the convenient output enable (G) 


input. 


The HM-65642 is a full CMOS RAM which utilizes an array of six 
transistor (6T) memory cells for the most stable and lowest possible 


e CMOS/TTL Compatible Inputs/Outputs 
e JEDEC Approved Pinout 


e Equal Cycle and Access Times standby supply current over the full military temperature range. In 
¢ No Clocks or Strobes Required addition to this, the high stability of the 6T RAM cell provides excel- 
¢ Gated Inputs lant protection against soft errors due to noise and alpha particles. 


This stability also improves the radiation tolerance of the RAM over 


- No Pull-Up or Pull-Down Resistors Requi 
pe i peauNree that of four transistor or MIX-MOS (4T) devices. 


e Easy Microprocessor Interfacing 
e¢ Dual Chip Enable Control 


Ordering Information 


[PACKAGE | TEMPERATURE RANGE | _“1SOne/75uA | “T60ne/TeQuA | “200neR250uA 
CoramcDiP | _agrowses | ~_——~itesoe 
“1883 35° to 125°C 

ae 


SMD# | 


CS 
LCC, /883"* “55°C to +125°C HM4-65642/883 
SMO# ee i 


“ Access Time/Data Retention Supply Current a 
** Respective /883 specifications are included at the end of this data sheet. c 
P Lid 
Pinout s 
28 LEAD DIP ” 
TOP VIEW c 
O 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3005 
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Functional Diagram 


AQ 


A8 
A12 
Al 


A6 
AS 


A4 
A3 


A2 


Al 
A0 
A10 
All 


=| 


fp) | 


E2 


HM-64642 


256 


256 x 256 
MEMORY ARRAY 


ADDRESS BUFFERS 
ROW 
DECODER 


COLUMN SELECT 
(8 OF 256) 


COLUMN 
ADDRESS BUFFERS 


TRUTH TABLE 


Standby (TTL) 


Ce oe cee 
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Specifications HM-65642-9 


Absolute Maximum Ratings 


Supply Vollage's ¢-2 ceding o6ase sen nboe Seek a twee Gees +7.0V 
Input or Output Voltage Applied for all grades ....... GND-0.3V to 

VCC+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature... 0... 0... cee eee ees +175°C 
Lead Temperature (Soldering 10s)................0005 +300°C 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP 
ESD Classification <2... sada e sds iat acne. ak a wtemeees Ss Class 1 


Reliability Information 


Thermal Resistance ................ 6 6 


ja 
Ceramic DIP Package............. 45°C W Bec 
Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package........... 2. cece cee ee eens 1.1W 
Gate Counts ainiess i Oh ¥ ess oe eee eae os 101,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range............... 20000. +4.5V to +5.5V 
Operating Temperature Range 
HM+65642-9 coda yak oe toed. dees eae -40°C to +85°C 


Input Low Voltage ... 6.0... eee e cee eee eee eee -0.3V to +0.8V 
Input High Voltage... ....... ce cee ee ee eee +2.2V to VCC +0.3V 


DC Electrical Specifications VCC = 5V + 10%; T, = -40°C to +85°C (HM-65642-9) 


SYMBOL 


Standby Supply Current (CMOS) 


VOH1 Output High Voitage 


V 


Capacitance T, = +25°C 


| 


NOTES: 
1. Typical derating SmA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


VOH2 Output High Voltage (Note 2) VCC-0.4 


SYMBOL PARAMETER | MAX UNITS TEST CONDITIONS 
Input/Output Capacitance (Note 2) pF 


TEST CONDITIONS 


E2 = GND, VCC = 5.5V 
E2 = 0.8V or E1 = 2.2V, VCC = 5.5V 
E2 = GND, VCC = 2.0V 


E2 = 2.2V, Ei = 0.8V, VCC = 5.5V, 
lO =OmA 


f = 1MHz, E1 = 0.8V, E2 = 2.2V, 
VCC = 5.5V, 10 = OmA 


Vi = VCC or GND, VCC = 5.5V 


E2 = GND, VIO = VCC or GND, 
VCC = 5.5V 
IOH = -1.0mA, VCC = 4.5V 


IOH = -100pA, VCC = 4.5V 
IOL = 4.0mA, VCC = 4.5V 


f = 1MHz, All measurements are 
referenced to device GND 
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Specifications HM-65642-9 


AC Electrical Specifications VCC = 5V + 10%; T, = -40°C to +85°C (HM-65642-9) 


LIMITS 
TEST 
SYMBOL PARAMETER | MIN | MAX | UNITS | CONDITIONS 


READ CYCLE 


Remote SSOOSOSOSOSSCSCSCSSSCSSS 
[wy tavaK[Rewionietme Cid 
a TEzHa”[onpembeAcaestiw «dt 


WRITE CYCLE 
(13) TAVAX 
(14) TWLWH 
(15) TE1LE1H 


(Notes 2, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 2, 3) 


o 


(Notes 2, 3) 
(Notes 2, 3) 
(Notes 2, 3) 
(Notes 2, 3) 
(Notes 2, 3) 
(Notes 2, 3) 


_ 
oO 


Write Cycle Time 150 
Write Pulse Width 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


Chip Enable to End of Write 


(16) TE2HE2L Chip Enable to End of Write E2 


Address Setup Time 
Address Setup Time 
Address Setup Time 
Write Recovery Time 
Write Recovery Time 
Write Recovery Time 
Data Setup Time 
Data Setup Time 
Data Setup Time 
Data Hold Time 
(27) TE1HDX —_‘| Data Hold Time fEarlywrite | Eq | 
(28) TE2LDX —_| Data Hold Time Early Write | £2 | 
a) Tar 


NOTES: 


1. Input pulse levels: OV to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


(17) TAVWL 
(18) TAVEIL 
(19) TAVE2H 
(20) TWHAX 


(Notes 1, 3) 
(Notes 1, 3) 
(21) TE1HAX 
(22) TE2LAX 
(23) TDVWH 
(24) TDVE1H 
(25) TDVE2L 
(26) TWHDX 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


(Notes 1, 3) 
(Notes 1, 3) 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 2, 3) 
(Notes 2, 3) 
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HM-65642 
Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-down transitions, E2 must be held 


mind. Data Retention voltage and supply current are guaran- between -0.3V and 10% of VCC. 
teed over the operating temperature range. The following 3. The RAM can begin operating one TAVAX after VCC reaches the 
rules ensure data retention: minimum operating voltage of 4.5V. 


1. The RAM must be kept disabled during data retention. This Is ac- 
complished by holding the E2 pin between -0.3V and GND. 


DATA RETENTION MODE 


vec 
Be Sees a a ae eee a i I ai me ae 
ViH 
TAVAX 
E2 \\, 
VCCOR — yf 
GND 
Read Cycles 


READ CYCLE I: W, E2 HIGH; G, Ei LOW 


TAVAX (1) 


6 
READ CYCLE II: W HIGH or 
O 
a 
TAVAX {1) S 
Vv | U/\ / 8 
Re Se ne te ects Sat = 
TAVOV (2) oO 

EY \\\\ — LLL 

TEIHQZ (9) 


Pp TEZLOZ (10) 


0 (5, ar ,’,4 


>| 


TEZHQV (4) 
NY 
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Write Cycles 
WRITE CYCLE I: LATE WRITE 
TAVAX (13) 
6, xX 
TAVWL (17) TWLWH (14) TWHAX (20) 
m ae 
a ee 77 
2 NII 
TWHOX (30) 
TOVWH (23) sation 
" eee, 
0 XXXXXXXXX KAKA XAXX 
WRITE CYCLE II: EARLY WRITE - CONTROLLED BY E1 
TAVAX (13) 
A Xe ¥X 
TAVEIL (18 TEILEVH (15) TETHAX (21 


wR | | 


&2 ///// YN 


TOVETH (24) TEIHDX (27) 


WRITE CYCLE Ill: EARLY WRITE - CONTROLLED BY E2 
TAVAX (13) 


©, <a aa air ae eeeanee een TMI, 
(\én ML 
TAVE2H (19) TE2HE2L (16) TEZLAX (22) 


W A LHL. 


pM | | mmm 
ea ee el 


Ee TDVEZL (25) TEZLDX (28) 
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Performance Curve 
TYPICAL ICCDR vs Ty 


LOG(Ic¢/(1A)) 


os ee 


CMOS MEMORY 
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SEMICONDUCTOR 


HM-65642/883 


8K x 8 Asynchronous 
CMOS Static RAM 


aD 


January 1992 


Features 


e 


This Circuit Is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Full CMOS Design 

Six Transistor Memory Cell 

Low Standby Supply Current ................ 100A 
Low Operating Supply Current............... 20mA 


Fast Address Access Time............ccneee. 150ns 


Description 


The HM-65642/883 is a CMOS 8192 x 8-bit Static Random 
Access Memory. The pinout is the JEDEC 28 pin, 8-bit wide 
standard, which allows easy memory board layouts which 
accommodate a variety of industry standard ROM, PROM, 
EPROM, EEPROM and RAMs. The HM-65642/883 is ideally 
suited for use in microprocessor based systems. In particu- 
lar, interfacing with the Harris 80C86 and 80C88 micropro- 
cessors is simplified by the convenient output enable (G) 
input. 


The HM-65642/883 is @ full CMOS RAM which utilizes an 
array of six transistor (6T) memory cells for the most stable 


e Low Data Retention Supply Voltage............ 2.0V and lowest possible standby supply current over the full mili- 
¢ CMOS/TTL Compatible Inputs/Outputs tary temperature range. In addition to this, the high Stability 

of the 6T RAM cell provides excellent protection against soft 
¢ JEDEC Approved Pinout errors due to noise and alpha particles. This stability also 


Equal Cycle and Access Times 
No Clocks or Strobes Required 


Gated Inputs 
- No Pull-Up or Pull-Down Resistors Required 


Temperature Range -55°C to +125°C 
Easy Microprocessor Interfacing 
Dual Chip Enable Control 


improves the radiation tolerance of the RAM over that of four 
transistor or MIX-MOS (4T) devices. 


Pinouts 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


HM1-65642/883 (CERAMIC DIP) 
TOP VIEW 


VCC 


[ex | bescRirTon— 
es 
ee 


Chip Enable 
Write Enable 


Power 


HM4-65642/883 (CERAMIC LCC) 
TOP VIEW 
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Specifications HM-65642/883 


Absolute Maximum Ratings Reliability Information 

SUDPIY VONRAGG soir waw ena eee 4d eee dasa +7.0V Thermal Resistance ................ Gia ®. 

Input or Output Voltage Applied for all grades ....... GND-0.3V to Ceramic DIP Package............. 45°C/W 8°C/W 
VCC+0.3V Ceramic LCC Package ............ 55°C/W 45°C/W 

Storage Temperature Range ................. -65°C to +150°C |= Maximum Package Power Dissipation at +125°C 

Junction Temperature... 6... cece eee eee +175°C Ceramic DIP Package .......... 0.2 cece eee eee e eee 1.14W 

Lead Temperature (Soldering 10s)...............2.02 +300°C Ceramic LCC Package ........... ce cece ence nes 0.90 W 

Typical Derating Factor............ 5mA/MHz Increase inICCOP Gate Count........... cc eee eee ee eee eee 101,000 Gates 

ESD Classification ........cccscsecvcsvccsccvaneess Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range............... cece +4.5V to +5.5V = Input High Voltage. ............. eee eee +2.2V to VCC +0.3V 
Operating Temperature Range................ -55°C to +125°C Data Retention Supply Voltage............. 0. eee eee eee 2.0V 
Input Low Voltage... 0... cece cece cece ce eee eee -0.3V to +0.8V Input Rise and Fall Time... 1... wee eee ee eee 40ns Max. 


Input Leakage 
Current 


Standby Supply ICCSB1 


Current 


CMOS MEMORY 


Standby Supply ICCSB 
Current 
Enable Supply ICCEN 
Current 
Operating Supply ICCOP 
Current 


1. All voltages referenced to device GND. 
2. Typical derating 5mA/MHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


TABLE 1. HM-65642/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 
LIMITS 
(NOTE 1) GROUP A | kiwits 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN: | MAX | UNITS 

High Level Output | VOH1 | VCC = 4.5V, 10 =-1.0mA 55°C ST, 5 +125°C | 2.4 V 
Voltage 
Low Level Output VOL VCC = 4.5V, 10 = 4.0mA -55°C < Ty S$ +125°C V 
Voltage 
High impedance HM-65642B/883, HM-65642/883 55°C $ Ty $ +125°C +1.0 A 
Output Leakage VCC = 5.5V, G =2.2V, 
Current Vi/O = GND or VCC 

HM-65642C/883 +2.0 pA 

VCC = 5.5V, G =2.2V, 

VI/O = GND or VCC 

HM-65642B/883, HM-65642/883 55°C < Ty $ +125°C +1.0 

VCC = 5.5V, VI = GND or VCC 

HM-65642C/883 55°C < Ty, $ +125°C 

VCC = 5.5V, VI = GND or VCC 

HM-65642B/883 

VCC = 5.5V, E1 = VCC -0.3V or 

E2 = GND +0.3V 

HM-65642/883_ 

VCC = 5.5V, E1 = VCC -0.3V or 

E2 = GND +0.3V 

HM-65642C/883 

VCC = 5.5V, E1 = VCC -0.3V or 

E2 = GND +0.3V 

VCC = 5.5V, IO = OmA, Ef =2.2V or 

E2 =0.8V 

VCC = 5.5V, 10 = OmA, Ef =0.8V, 

E2=2.2V 

VCC = 5.5V, G = 5.5V, (Note 2), 

f = 1MHz, E1 = 0.8V, E2 =2.2V 


CAUTION: These devices are sensitive to electronic discharge. Proper iC handling procedures should be followed. 
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TABLE 1. HM-65642/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Guaranteed and 100% Tested 


| LIMITS 
‘NOES EnoURA _ UMTS 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 

Data Retention ICCDR | HM-65642B/883 1,2,3 | -55°C<T,.<+125°C 75 A 
Supply Current VCC = 2.0V, E1 = VCC -0.3V or 

E2 = GND +0.3V 

-55°C < Ta $ +125°C yA 

E2 = GND +0.3V : 
HM-65642C/883 “55°C < Ty $ +125°C | yA 
VCC = 2.0V, El = VCC -0.3V or 
E2 = GND +0.3V 


Functional Test VCC = 4.5V (Note 3) gaeB | -55°C<Ts+i25°C| - | - | - | 
NOTES: 
1. All voltages referenced to device GND. 


2. Typical derating 5mA/MHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


HM-65642/883_ 
VCC = 2.0V, Ef = VCC -0.3V or 


TABLE 2. HM-65642/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A pee ad asia aes 
(NOTES 1, 2) SUB- | | 
PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE 
Address Access TAVQV | VCC =4.5V and 9,10,11 }| -55°C < Ty < +125°C 
Time 5.5V 


UNITS 


70 


Read/Write/ TAVAX [VCC =4.5Vand | 9, 10,11 | -55°C<T,<4125°C | 150 

Cycle Time 5.5V 

Output Enable TGLQV |vCC=45Vand | 9,10,11 | -55°C< Th <+125°C | 
Access Time 5.5V 

Chip Enable TEILQV | VCC =4.5V and 55°C < Ty < +125°C 
Access Time TE2HQV [5.5V 


ea 
10 


Write Recovery ~55°C < Ta < +125°C 


Time 


TWHAX | VCC =4.5V and ‘one 
Chip Enable to TEILE1H | VCC =4.5Vand | 9, 10,11 | -55°C < Ty < +125°C 
End-of-Write TE2HE2L |5.5V 


Address Setup VCC = 4.5V and 9, 10, 11 
Time TAVE1IL {5.5V 
TAVE2H 


~_ 
© 


-55°C < Ta $ +125°C 


om, 
~ oO 
BREE ERD 


Write Enable TWLWH_ | VCC = 4.5V and -55°C s Ta $ +125°C 
Pulse Width 5.5V 


Data Setup Time | TDVWH | VCC =4.5Vand | 9, 10,11 | -55°C < Ty < +125°C 
TDVE1H | 5.5V 
TDVE2L 
Data Hold Time } TWHDX | VCC =4.5V and “55°C < Ty S$ +125°C | 
5.5V 
TEIHDX | VCC =4.5Vand | 9, 10,11 | -55°C < Ty $ +125°C 10 
5.5V 
TE2LDX | VCC =4.5V and 55°C < Ty $ +125°C | 
5.5V | 
NOTES: 


1. All voltages referenced to device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1TTL equivalent 
load and CL 2 50pF, for CL > 50pF, access times are derated 0.15ns/pF. 


CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed. 
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TABLE 3. HM-65642/883 ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | 
Output High Voltage VOH2 | VCC = 4.5V, 10 =-100nA es 55°C < Ty $ +125°C eet 
0.4 
CIN 


Input Capacitance VCC = Open, f = 1MHz, All i Ty = 425°C aad 


Measurements Referenced 
VCC = Open, f = 1MHz, All 1,3 Ta = +25°C 10 pF 
Measurements Referenced 
to Device Ground 
/O Capacitance CVO 


to Device Ground 
VCC = Open, f = 1MHz, All Ta = +25°C 
Measurements Referenced 
i _ x 
Write Enable to Output in TWLQZ | VCC = 4.5V and 5.5V 
High Z 
; cs 55°C < Ty < +125°C ey 
Chip Enable to Output ON TE1LQX | VCC = 4.5V and 5.5V -55°C < Ta $ +125°C 
TE2HQX 
at 


to Device Ground 
-55°C < Ty S$ +125°C 
-55°C < Ty S$ +125°C 
Chip Enable to Output in TE1HQZ | VCC = 4.5V and 5.5V 
High Z 


VCC = 4.5V, Vi/O = GND or 
-55°C < Ta S$ +125°C 
Output Hold from Address TAXQX | VCC = 4.5V and 5.5V 
Change 


VCC, All Measurements Ref- 
-55°C <$ Ta < +1 25°C 
NOTES: 


erenced to Device Ground 
-55°C < Ta < +125°C 
1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. For design purposes CIN = 6pF typical and Cl/O = 7pF typical. 
3. Applies to LCC device types only. For design purposes CIN = 4pF typical and Ci/O = 5pF typical. 


-55°C < Ta $ +125°C 


TABLE 4. APPLICABLE SUBGROUPS 


TineimTest tones 
a 


> 
je 
oO 
= 
Lu 
= 
” 
Oo 
= 
oO 


CAUTION: These devices are sensitive to electronic discharge. Proper iC handling procedures should be followed. 
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HM-65642/883 


Low Voltage Data Retention 
Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-down transitions, E2 must be held 


mind. Data Retention voltage and supply current are guaran- between -0.3V and 10% of VCC. 
teed over the operating temperature range. The following 3. The RAMcan begin operating one TAVAX after VCC reaches the 
rules ensure data retention: minimum operating voltage of 4.5V. 


1. The RAM must be kept disabled during data retention. This is ac- 
complished by holding the E2 pin between -0.3V and GND. 


DATA RETENTION MODE 


VCC 
ef Ss a a Ns a a ee a ar a ae ae a ae ae a 
VIH 
TAVAX 
E2 | 
VCCOR — i] 
GND 
Read Cycles 
READ CYCLE I: W, E2 HIGH: G, E1 LOW 
TAVAX 
A XK —sanmoress1 KX —CADDRESS2— XX 
TAVOV TAXQX 
0 XXX DATA) EXXXX —sDATAZ = XXXXXX 
READ CYCLE II: W HIGH 
TAVAX 
AO ee aK 
TAVOV 
EY \\\\YS _ WILLA LL hh tllle 
Paes 3 eee TETHOZ 


z LLM 
OXKK 
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Write Cycles 
WRITE CYCLE !: LATE WRITE 
TAVAX 
a Xe Xx 
TAVWL TWLWH TWHAX 
W eee 
ee 777777 
ee ae eee 
Ree el 
e2 L/L NN 
TWHOX 
0 ener se 
0 XXXXXXXXXXXXXEXK OX 


WRITE CYCLE Il: EARLY WRITE - CONTROLLED BY E1 
TAVAX 


xX 


Pd 


Xe 


W ae LLL LLL LL 


EI 


e2 /LL// ne NNN 


TOVETH 


WRITE CYCLE Ill: EARLY WRITE - CONTROLLED BY E2 
TAVAX 


A_ xX KX 
pe AVECH ce CSREES  EZLAX 
7 ne 
a WO ge 
ee Cea 
E2 —— TOVEZL TEZLOX 
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Test Circuit 


* TEST HEAD 


Burn-In Circuits 


DUT © 


CAPACITANCE 


HM-65642/883 CERAMIC DIP 
NC 7 Fr} vcc 

gue A12 A Ww 

a A7 a 26] E2 

=o AG a Os As 

= AS Go a AQ 
e7 A4 a ay Ait 

= A3 G 
= A2 ri Al A10 

4 Al ni 20 E1 
= AO 0 nH DQ7 
= Dao a fe DQ6 
= DQ! na DQS5 
= DQ2 3 6 Da4 
GND a 5 DQ3 

NOTES: 


FO = 100kHz + 10% 
All resistors 47kQ +5% 
C =0.01pF Min. 

VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 

VIL = -0.2V to +0.4V 


HM-65642/883 


HM-65642/883 CERAMIC LCC 


Cc 
&— GND 
F1 
F16 
Fit 
F9 
Fi2 A 
F14 F7 
FO F6 
F13 F5 
FO F4 
F2 F3 
F2 
F2 
F2 ron ade] gle rt La pp ae 
F2 
F2 
& @¢ V & 2 & 
NOTES: 
FO = 100kHz + 10% 
C = 0.01pF Min. 


VCC = 5.5V + 0.5V 
VIH = 4.5V + 10% 
VIL = -0.2V to +0.4V 
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vcc 


F141 
Fi2 


F14 


FO 
F13 
FO 
F2 
F2 


HM-65642/883 


Metallization Topology 


DIE DIMENSIONS: 
276.8 x 305.5 x 19+ Imils 
METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 2kA 
GLASSIVATION: 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 460°C (Max) 
WORST CASE CURRENT DENSITY: 
0.9 x 10° A/cm? 


Metallization Mask Layout 
HM-65642/883 


AB AT Al2 vcc W E2 


al ee 
ian ea 


; 
a aieene 


1 a at 
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HM-65642/883 


Packaging 
28 PIN CERAMIC DIP 


1.440 
.470 


| 1 
.0O5 MIN a 


~~ 


.225 MAX 
Z 


an 
015, | 150 MIN 
.060 . 
12 .098 MAX = 
180 01 * .100 
023 BRS 
.050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
“SOLDER FINISH 
LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, GDIP1-T28 


MATERIALS: Compliant to MIL-M38510 


32 PAD CERAMIC LCC 


LEAD FINISH: Type A COMPLIANT OUTLINE: MIL-STD-1835, CQCC1-N32 
MATERIALS: Compliant to MIL-M38510 


NOTE: All Dimensions are _ Dimensions are in inches. 
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HM-6564 


SEMICONDUCTOR 


tay FIARRIS 


8K x 8, 16K x 4 CMOS RAM Module 


January 1992 
Features Description 
e Low Power Standby..............0..08- 4mW Max. The HM-6564 is a 64K bit CMOS RAM. It consists of 16 
; HM-6504 4K x 1 CMOS RAMs, in leadless carriers, mounted 
Low Power Operation ............ 280mW/MHz Max. on a ceramic substrate. The HM-6564 is configured as an 
e Data Retention .............. cee eenecene 2.0V Min. extra wide, standard length 40 pin DIP. The memory appears 
. to the system as an array of 16 4K x 1 static RAMs. The 
Te Compatihte iv Out array is organized as two 8K by 4 blocks of RAM sharing 
¢ Three State Outputs only the address bus. The data inputs, data outputs, chip 
P enables and write enables are separate for each block of 
POSE ACCORD MNOres ea seeanaceuapeiees 350ns Max. aM. This allows the user to organize the HM-6564 RAM as 
¢ Operating Temperature Range...... -55°C to +125°C either 8K by 8 or a 16K by 4 array. 


e On Chip Address Registers 
Organizable 8K x 8 or 16K x 4 
40 Pin DIP Pinout - 2.000” x 0.900” 


Ordering Information 


Se 


This 64K memory provides a unique blend of low power 
CMOS semiconductor technology and advanced packaging 
techniques. The HM-6564 is intended for use in any applica- 
tion where a large amount of RAM is needed, and where 
power consumption and board space are prime concerns. 
The guaranteed low voltage data retention characteristics 
allow easy implementation of non-volatile read/write memory 
by using very small batteries mounted directly on the mem- 
ory circuit board. Example applications include digital avionic 
instrumentation, remote data acquisition, and portable or 
hand held digital communications devices. 


Pinout 40 LEAD MODULE 


TOP VIEW 


NOTES: 


Functional Diagram 


* Pins 20 and 40 (VCC) are internally connected. Similarly pins 1 and 21 
(Ground) are connected. The user is advised to connect all four VCC pins 
and Ground pins to his board busses. This will improve power distribution 


across the array and will enhance decoupling. 


Pin 10 is internally connected to pin 11, and pin 30 Is connected to pin 31. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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File Number 3006 


CMOS MEMORY 


Specifications HM-6564 


Absolute Maximum Ratings 


SUPDIY VONAGE isis sos he 25 HS 5 sieve 5 eee eee ea ee +7.0V Junction Temperature ... 0... ccc cect ee eee enee +175°C 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s) .................02. +300°C 
Storage Temperature Range ................-. -65°C to+150°C Gate Count .......... ccc cece eee eee eaee 112000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range............... cee eee +4.5V to+5.5V Rise and Fall Time ............ cece eee eee eee 40ns Max. 
Operating Temperature Range................ -55°C to +125°C 


DC Electrical Specifications VCC = 5V + 10%; T, = -55°C to +125°C (HM-6564-8) 
SYMBOL PARAMETER UNITS TEST CONDITIONS 
ICCSB Standby Supply Current pA 10 = OmA, VI = VCC or GND, 
VCC = 5.5V 


E = 1MHz, lO = OmA, Vi = VCC or 
GND, VCC = 5.5V 


E = 1MHz, IO = OmA, VI = VCC or 
GND, VCC = 5.5V 


lO = OmA, VCC = 2.0V, VI = VCC or 
GND 


ICCOP1 | Operating Supply Current (8K x 8) (Note 1) 


ICCOP2 | Operating Supply Current (16K x 4) (Notes 1, 2) 


ICCDR Data Retention Supply Current 


VCCDR 
IA 


Data Retention Supply Voltage 


Address Input Leakage 
Data Input Leakage (8K x 8) 
Data Input Leakage (16K x 4) (Note 2) 


= VCC or GND, VCC = 5.5V 
= VCC or GND, VCC = 5.5V 


vi 
wA | Vi 
VI = VCC or GND, VCC = 5.5V 
Vl 
vi 
vi 


Enable Input Leakage (8K x 8) 


= VCC or GND, VCC = 5.5V 
= VCC or GND, VCC = 5.5V 
= VCC or GND, VCC = 5.5V 

VO = VCC or GND, VCC = 5.5V 

VO = VCC or GND, VCC = 5.5V 

VCC = 4.5V | 

VCC = 5.5V 

IO = 2.0mA, VCC = 4.5V 

IO = -1.0mA, VCC = 4.5V 

IO = -100nA, VCC = 4.5V 


f = 1MHz, All measurements are 
referenced to device GND 


Enabie Input Leakage (16K x 4) (Note 2) 


Write Enable Input Leakage (Each) 
Output Leakage (8K x 8) 
Output Leakage (16K x 4) (Note 2) 


1OZ1 
O22 
VIL 
VIH 
VOL 
VOH1 
VOH2 
CIA 
CID1 
CiD2 
CIE1 
CIE2 
CIW 
O1 
02 


NOTES: 
1. ICCOP is proportional to operating frequency. 
2. Tested at initial design and after major design changes. 


Input Low Voltage 


+20 
+3 
+5 
+10 
+6 
+10 
+5 
+10 
Viele: 


Input High Voltage VCC-2.0 


Output Low Voltage 
Output High Voltage 
Output High Voltage (Note 2) 


O 
VCC-0.4 O 


Address Input Capacitance (Note 2) 


Data Input Capacitance (8K x 8) (Note 2) 
Data Input Capacitance (16K x 4) (Note 2) 
Enable Input Capacitance (8K x 8) (Note 2) 
Enable Input Capacitance (16K x 4) (Note 2) 


Write Enable Input Capacitance (Each) (Note 2) 
Output Capacitance (8K x 8) (Note 2) 
Output Capacitance (16K x 4) (Note 2) 


fos] 


mA 
mA 
pA 
V 
pA 
pA 
pA 
pA 
pA 
V 
V 
V 


Q 
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AC Electrical Specifications VCC = 5v + 10%; T, = -55°C to +125°C (HM-6564-8) 


[—srwsot | Paraweren | ww | AX | UNITS | TESTCONOITONS 
(1) TELQV Chip Enable Access 
(2) TAVQV Address Access (TAVQV = TELQV + TAVEL) (Notes 1, 3) 

@) TELOX 
oy Ten 
TELL 


—_ 
i=) 


Output Enable 


Db 


Output Disable 120 
Read or Write Cycle 
Chip Enable Low 


Chip Enable High 


6 TELE 
7) TeMEL 
@) TAVEL 
TER 

OR 

(a) EH 


Address Setup 

Address Hold 

Write Enable Low 

Write Enable Setup 

Early Write Setup (Write Mode) 
Early Write Hold (Write Mode) 


(12) TWLEL 
(13) TELWH 
| (14) TOVWL 
(15) TOVEL 
(16) TWLDX 


Data Setup 

Early Write Data Setup 
Data Hold 

Early Write Data Hold 


i=) 


(7) TELDK 
NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns max; Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and CL = 50pF (Min) for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V 


Low Voltage Data Retention 


HARRIS CMOS RAMs are designed with battery backup in 3. All other inputs should be held either high (at CMOS VCC) 
mind. Data retention voltage and supply current are guaranteed or at ground to minimize ICCDR. 


over temperature. The following rules insure data retention: 4. Inputs which are held high (e.g. E) must be kept between 
1. Chip Enable (E) must be held high during data retention; VCC +0.3V and 70% of VCC during the power up and pow- 


within VCC +0.3V to VCC. er down transitions. 
2. On RAMs which have selects or output enables (e.g. 5, G), 5: The RAM can begin operation one TEHEL after VCC 
one of the selects or output enables should be held in the reaches the minimum operating voltage (4.5 volts). 


deselected state to keep the RAM outputs high impedance, 
minimizing power dissipation. 


DATA RETENTION TIMING 


vcc DATA RETENTION MODE 
4.5V 4.5V 


VCC 2 2.0V 


TEHEL 


7) ‘ 
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HM-6564 


Read Cycle 


TRERERYy 


XXKOIS 


=| 
= 
Oo 
= 


TIME 


VALID DATA OUTPUT 


REFERENCE | | | | | | | 
2 3 4 5 


TRUTH TABLE 


TIME 
REFERENCE 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


INPUTS OUTPUT FUNCTION 
ea a ae As 
H 


ax oon Baie 
[2 eyete Begins, Addresses ar latched 


Z 


enabled but data is not valid until during time (T = 2). W must 
remain high until after time (T = 2). After the output data has 
been read, E may return high (T = 3). This will disable the 
output buffer and ready the RAM for the next memory cycle 


(T = 4), 


Early Write 
Cycle 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E (T 
= 0), the addresses, the write signal, and the data input are 
latched in on chip registers. The logic value of W at the time 
E falls determines the state of the output buffer for the cycle. 
Since W is low when E falls, the output buffer is latched into 


Dt v_[_v_ [2 —_[6yete Eras, Newt Cyole Begins (Same as 0)_ 


1 2 3 4 


TRUTH TABLE 


OUTPUT FUNCTION 
Q 


Memory Disabled 
| Z| Cycle Begins, Addresses are Latched 
|Z —_| Write in Progress Internally 


Write Complete 
Prepare for Next Cycle (Same as -1) 


Z 

Z 
z 
the high impedance state and will remain in that state until E 
returns high (T = 2). For this cycle, the data input is latched 
by E going low; therefore data set up and hold times should 
be referenced to E. When E (T = 2) returns to the high state 
the output buffer disables and all signals are unlatched. The 
device is now ready for the next cycle. 
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Late Write 


TAVEL (8) 
TELAX (9) TAVEL 
ROP PoPIOOIOIO IOI SOI II III III OPIS OOO ILI ICICI IID 
eearaeasecasereserene, SO 
A S525 ADD VALID — WRX RHI KHIR KHON ID NEXT ADD 
LAPP Mae, 4 G0 SOS $050 seco y 


mi 


=| 


$A AA AAAA / \7 
SSRI 


o 


TIME 
REFERENCE 


The late write cycle is a cross between the early write cycle 
and the read-modify-write cycle. Recall that in the early write 
the output is guaranteed to remain high impedance, and in 
the read-modify-write the output is guaranteed valid at 
access time. The late write is between these two cases. With 


OUTPUT 
Q : FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 
Write Begins, Data is Latched 


| Write Completed 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


this cycle the output may become active, and may become 
valid data, or may remain active but undefined. Valid data is 
written into the RAM if data set up, data hold, write setup 
and write pulse widths are observed. 


NOTE: In the above descriptions the numbers in parenthesis (T = n) refers to the respective timing diagrams. The numbers are located on 
the time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 


HM-6504 (One of Sixteen) 


LATCHED 
ADDRESS 
REGISTER 


LSB Ai1 AS A4 A3 AQ A10 


64 x 64 
MATRIX 


64 


ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
THREE-STATE BUFFERS: 

A HIGH —> OUTPUT ACTIVE 
Slows AND DATA LATCHES: 


=D 
Q LATCHES ON RISING EDGE OF L. 
ADDRESS LATCHES: - 
LATCH ON RISING EDGE OF E 
GATED DECODERS: 
GATE ON RISING EDGE OF G 
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HM-6564 


Organization Guide 


To Organize 8K x 8: 

Connect: E1 with E3 (Pins 9 + 32) 
E2 with E4_ (Pins 12 + 29) 
W1 with W2 (Pins 11 + 31) 

To Organize 16K x 4: 

Connect: QO with Q4 (Pins 2 + 39) 
DO with D4 (Pins 3 + 38) 
Q1 with Q5 (Pins 4 + 37) 
D1 with D5 (Pins 5 + 36) 
D2 with D6 (Pins 16 + 25) 
Q2 with Q6 (Pins 17 + 24) 
D3 with D7 (Pins 18 + 23) 
Q3 with Q7 (Pins 19 + 22) 


Optional W1 may be common with W2 (Pins 11 + 31) 


Concerns for Proper Operation of Chip Enables: 


The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 8K x 8 
mode, use the chip enables as if there were only two, E1 and 
E2. In the 16K x 4 mode, all chip enables must be treated 
separately. Transitions between chip enables must be 
treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. More than one chip enable low simultaneously, for 
devices whose outputs are tied common either internally or 
externally, is an illegal input condition and must be avoid. 


Printed Circuit Board Mounting: 


The leadiess chip carrier packages used in the HM-6564 
have conductive lids. These lids are electrically floating, not 
connected to VCC or GND. The designer should be aware of 
the possibility that the carriers on the bottom side could 
short conductors below if pressed completely down against 
the surface of the circuit board. The pins on the package are 
designed with a standoff feature to help prevent the leadiess 
carriers from touching the circuit board surface. 


Board Size Tradeoffs 


Printed circuit board real estate is a costly commodity. Actual 
board costs depend on layout tolerances, density, complex- 
ity, number of layers, choice of board material, and other fac- 
tors. 


The following table compares board space for 16 standard 
DIP 4K RAMs to the HM<nd>6564 RAM array. Both fine line, 
close tolerance layout and standard “easy” layout board 
sizes are shown in the comparison. 


The cost of semiconductor circuits decline with time. If actu- 
al costs were included, they would be out of date in a very 
short time. We urge you to contact your local Harris office of 
sales representative for accurate pricing allowing cost 
tradeoff analysis. In your cost analysis, also consider the 
advantages of a lighter, smaller overall package for your sys- 
tem. Consider how much more valuable your system will be 
when the memory array size is decreased to about 1/6 of 
normal size. 


64K ARRAY OR 16 4K RAMs ON A PC BOARD vs. THE HM-6564 


a 
Taenor | Saraawoouarce | Wo iesamenans | 


HM-6564 Two Sided Mounting Multilayer ~- | 2 square inches 
Alumina Substrate 
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HM-8808 
HM-8808A 


8K x 8 Asynchronous 
CMOS Static RAM Module 


HARRIS 


SEMICONDUCTOR 


aD 


January 1992 


Features 


Full CMOS Design 
6 Transistor Memory Cell 


Description 


The HM-8808 and HM-8808A are 8K x 8 Asynchronous CMOS 
Static RAM Modules, based on multi-layered, co-fired, dual-in-line 
substrates. Mounted on each substrate are four HM-65162 2K x 8 


¢ Low Standby Current................... 250/900LA CMOS SRAMs, a high speed CMOS decoder, and a ceramic decou- 
e Low Operating Current.................008. 70mA __ Pling capacitor, all packaged in leadiess chip carriers. The capacitor 

is added to reduce noise and the need for external decoupling. The 
e Fast Address Access Time........... 100/120/150ns HM-65162 RAMs used in these modules are full CMOS devices, uti- 
e CMOS/TTL Compatible Inputs/Outputs lizing arrays of six transistor (6T) memory cells for the most stable 
¢ JEDEC Approved Pinout and lowest possible standby supply current over the full military tem- 


Equal Cycle and Access Time 
No Clocks or Strobes Required 
Single 5 Volt Supply 


Gated Inputs - No Pull-Up or Pull-Down Resistors 
Required 


Temperature Range............... 
Easy Microprocessor Interfacing 
Dual Chip Enable Control (HM-8808A) 


-55°C to +125°C 


Ordering Information 


HCO) PEM eR AT UGE CANCE 100 2c ee eed 
MODULE “55°C to +125°C HM5-6808S-6 | HM5-6808B-8 | HM5-6808-8 


perature range. In addition to this, the high stability of the 6T cell 
provides excellent protection against soft errors due to noise and 
alpha particles. This stability also improves the radiation tolerance of 
the RAM over that of four transistor devices. The HM-8808 and HM- 
8808A have gated inputs to simplify system design for optimum 
standby supply current. The pinouts of these modules conform to 
the JEDEC 28 pin 8 bit wide standard, which is compatible with a 
variety of industry standard memories. The HM-8808A is pin-com- 
patible with many standard 8K x 8 RAMs, adding the advantage of 
high performance over the full military temperature range. Also, 
because of the second chip enable (E2), the HM-8808A simplifies 
the design of low-power battery back-up memory systems. 


MODULE -55°C to +125°C HM5-8808AS-8 HM5-8808AB-8 HM5-8808A-8 


Pinouts Functional Diagram 
28LEAD MODULE 28 LEAD MODULE 
TOP VIEW TOP VIEW ee 
DOO - DO7 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


PIN | DESCRIPTION 


HM-8808 HM-8808A 


inputAddress Input 
Data Input/Output 
Chip Enable (HM-8808) 
Chip Enable (HM-8808A) 
Chip Enable (HM-8808A) 
Write Enable 
Output Enable 


O1S|T Dm 8 
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File Number 3014 


Specifications HM-8808, HM-8808A 


Absolute Maximum Ratings 


SUDDIY VONAGS 266s ecco ee Ws hd ew as eh +7/:0V. Gate COUN occ oes seieses bee ieus Mawteeewes 105000 Gates 
Input or Output Voltage................ GND-0.3V to VCC+0.3V = Junction Temperature .... 6... ce cece cee eens +175°C 
Storage Temperature Range Sip ain Sear ate ema ee 65°C to +150°C Lead Temperature (Soldering 10s) ...............0005- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................0008. +4.5V to +5.5V__ input Rise and Fall Time ...............cccec eee eee 40ns Max. 
Operating Temperature Range................ -55°C to +125°C 


DC Electrical Specifications VCC =5V + 10%; T, = -55°C to +125°C (HM-8808X-8) 


ICCSB1 HM-8808S/AS-8, HM-8808B/AB-8 IO = 0, 
E = VCC-0.3V (Note 4), E2 = 0.3V (Note 5) 
HM-8808_/A-8 IO = 0, E = VCC-0.3V 
(Note 4), E2 = 0.3V (Note 5) 


ICCSB Standby Supply Current (TTL) 


ICCEN Enabled Supply Current 


IO = 0, E = VIH (Note 4), E2 = VIL (Note 5) 


HM-8808S/AS-8, HM-8808B/AB-8, IO = 0, 
E = VIL (Note 4), E2 = VIH (Note 5) 


HM-8808_/A-8, IO = 0, E = VIL (Note 4), 
E2 = VIH (Note 5) 


lO = 0, f = 1MHz, E = VIL (Note 4), E2 = VIH 
(Notes 2, 5) 


HM-8808S/AS-8, HM-8808B/AB-8, 
VCC = 2.0V, E = VCC-0.3V (Note 4), 
E2 = 0.3V (Note 5) 


HM-8808_/A-8, 
VCC = 2.0V, E = VCC-0.3V (Note 4), 
E2 = 0.3V (Note 5) 


Operating Supply Current 


Data Retention Supply Current 


a 
a 
[Woz [ rewuptetage Goren [0 
aa 
Ree 
wooo 
ae 
= 
| IN 
Pee 
ae 
ad 
ie aes 


VCCDR_ | Data Retention Supply Voltage 


Output Low Voltage 


VO 


L 


Capacitance = T, = +25°C (Note 3) 


[CE [Enable Input Capactance | 

NOTES: 

1. All devices tested at worst case temperature and supply voltage limits. 
2. Typical derating = SmA/MHz increase in ICCOP, VI = VCC or GND. 

3. Guaranteed but not tested. 

4. Relevant to the HM-8808-8 only. 

5. Relevant to the HM-8808A-8 only. 
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Specifications HM-8808, HM-8808A 


AC Electrical Specifications VCC =5V 10%; T, = -55°C to +125°C 


HM-8808S/AS-8 | HM-8808B/AB-8 | HM-8808_/A-8 


(NOTES 1, 2) 
TEST 
UNITS | CONDITIONS 


SYMBOL PARAMETER 


READ CYCLE 


(1) TAVAX | Read Cycle Time 
(2) TAVQV_ | Address Access Time 


(3) TELQV | Chip Enable Access Time 


(4) TGLQV | Output Enable Access Time 


(5) TELQX | Chip Enable Output Enable Time (Notes 3, 4) 


(6) TGLQX_ | Output Enable Output Enable Time Note 3) 


(7) TAXQX | Address Output Hold Time 


(8) TEHQZ | Chip Disable Output Disable Time Notes 3, 5) 


- 


aim, -_ -_ 
Zz 
2 
oO 
F- 
— 


(9) TGHQZ | Output Disable Time Note 3) 


= 
ps 
—j 
m 
Q 
< 
QO 
~~ 
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(10) TAVAX | Write Cycle Time 


70 (Note 4) 


(11) TELWH | Chip Enable to End of Write 
(12) TWLWH | Write Enable Pulse Width 
(13) TELEH 


Enable Pulse Width (Early Write) (Notes 3, 4, 5) 


(14) TAVWL_ | Address Setup Time (Late Write) 


(15) TAVEL | Address Setup Time (Early Write) (Notes 3, 4) 


(16) TWHAX | Address Hold Time (Late Write) 


(17) TEHAX | Address Hold Time (Early Write) 45 (Note 3) 


(18) TOVWH 


Data Setup Time (Late Write) 


(Note 5) 


(19) TDVEH | Data Setup Time (Early Write) 


(20) TWHDX | Data Hold Time (Late Write) 


ee ee 
Pees 


(Notes 3, 5) 


H 


(21) TEHDX | Data Hold Time (Early Write) 


(22) TWLEH | Write Enable Pulse Setup Time 


(23) TWLQZ_ | Write Enable Output Disable Time 


(24) TWHQX | Write Disable Output Enable Time E ed P30" 
NOTES: 


1. All devices tested at worst case temperature and supply voltage limits. 


2. Input pulse levels: VIL = 0.0V, VIH = 3.0V Input rise and fall times: 5ns (max.) VCC = 4.5V and 5.5V. Input and output timing reference 
levels: 1.5V Output load: 1 TTL gate equivalent and 50pF (min, including scope and jig). 


3. Guaranteed but not tested. 
4. “EL” (enable input valid) equivalent to: EL on the HM-8808-8. EIL and E2H on the HM-8808A-8 
5. “EH” (enable input invalid) equivalent to: EH on the HM-8808-8. EIH or E2L on the HM-8808A-8. 


~_ 


Note 5) 


— 


Note 3) 


H 


— 


Note 3) 
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CMOS MEMORY 


HM-8808, HM-8808A 


Truth Table 


on <a * 


Standby (CMOS) 
Standby (TTL) 
Enabled (High Z) 


HM-8808/8808A 


Cee Tet Ts 


HM-8808 Timing Diagrams 


READ CYCLE 1 (Notes 1, 2) 


TAVAX 
A X¥ ADDRESS 1 x ADDRESS 2 *X 
TAXOX 
2] 
Q OO DATA | RQ DATA 2 KO 
READ CYCLE 2 (Note 1) 
TAVAX 


ee ee 
ee 
TAVOV 
(2) 
: TM ae MM 
(as _ 


rm 


oo 


._Tenez 


NOTES: 
1. In aread cycle, W is held high. 
2. In read cycle 1, the module is kept continuously enabled. G, and E are held at VIL. 
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HM-8808, HM-8808A 


HM-8808 Timing Diagrams (Continued) 
WRITE CYCLE 1 (Notes 1, 3, 4) 


TAVAX 


TAVWL TWLWH TWHAX 
(16) 


=| 


inal 
Z 
Z 


LLL LaLa Le 


(24) 


(23) 


0 NN NNN NN LAAL/ 
Cx xX XY YY YY OV VV Vv YY YY Wararara' 


WRITE CYCLE 2 (Notes 2, 4) 
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NOTES: 


1. in Write Cycle 1, the module is first enabled and then data is strobed into the RAM with a pulse on Write Enable (W). Because W becomes 
valid after the part is enabled, this is sometimes referred to as a “Late Write” cycle. 


2. In Write Cycle 2, Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on E. Because W 
is valid before the module is enabled, this is sometimes referred to as an “Early Write” cycle. 


3. Output Enable (G) is normally held stable throughout the entire cycle. If G is held high, then the outputs (Q) remain in the high impedance 


state. If G is held low, then it may be necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TOVWH 
overlapped. 


4. Data Inputs (D) and Data Outputs (Q) are connected internally at the DQ pins. 
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HM-8808, HM-8808A 


HM-8808A Timing Diagrams 
READ CYCLE 1 (Note 1, 2) 


TAVAX 
A i ADDRESS 1 KX ADDRESS 2 XX 
j 


TAXQX 
(2) 


SK wATAT REET 


READ CYCLE 2 (Note 1) 


TAVAX 


N/ NY, 
SIE Sie Np dv Une IIE DIP NE EERE 
TAVQV 
(2) 


iW = YT 
i TEHOZ 


(5) 
a 
(NOTE 3} TELOV 


(5) 


SMA 


& Ws LLL. 
Z 


\ 
; 
(6) -— 


Q OO ——iessis KY 


NOTES: 
1. In a read cycle, W is held high. 
2. In read cycle 2, the module is kept continuously enabled: G and ET are held at VIL. E2 is held at VIH. 


3. The AC timing of E2 is the same as that of ET. Only the polarity is reversed. While ET is active low, E2 is active high. Therefore AC 
parameters that refer to the falling edge of enable, such as TELQV, can be applied to the rising edge of E2, and parameters that refer 
to the rising edge of enable, such as TEHQZ, can be applied to the falling edge of E2. 
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HM-8808, HM-8808A 


HM-8808A Timing Diagrams (Continued) 
WRITE CYCLE 1: Controlled by W (Notes 1, 3, 4) 
(10) 


TAVAX 
A XE MA 
(14) TAVWL TWLWH TWHAX —wef (16) 
W (12) 


ase | 
TELWH (11) 


ettseno a! 
R//// (11) YIN 
mores |g 


(18) TOVWH TWHOX (20) 
D CEE Aaa 
(23) ha TWLOZ 
0 "O° R"AYAYAYA*AYAYAYAYAYATA RN 
AVAVAVAVAGAVAVaAVaAVavavaGay LA LN TN 


WRITE CYCLE 2: Controlled by Ef (Notes 2, 4) 


(NOTE 5) 
ee a 


WRITE CYCLE 3: Controlled by E2 (Notes 2, 4) 


CMOS MEMORY 


(19) 


(NOTE 5) TOVEH TEHDX (21) 
D es 
NOTES: 


1. In Write Cycle 1, the module is first enabled and then data is strobed into the RAM with a pulse on Write Enable (W). Because W becomes 
valid after the part is enabled, this is sometimes referred to as a “Late Write” cycle. 

2. In Write Cycle 2 and 3, Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on ET or 
E2. Because W is valid before the module is enabled, this is sometimes referred to as an “Early Write” cycle. 

3. Output Enable (G) is normally held stable throughout the entire cycle. If G is held high, then the outputs (Q) remain in the high impedance 
state. If G is held low, then it may be necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDVWH 
overlapped. 


4. Data Inputs (D) and Data Outputs (Q) are connected internally at the DQ pins. 


5. The AC timing of E2 is the same as that of ET. Only the polarity is reversed. While ET is active low, E2 is active high. Therefore AC pa- 
rameters that refer to the falling edge of enable, such as TELQV, can be applied to the rising edge of E2, and parameters that refer to 
the rising edge of enable, such as TEHQZ, can be applied to the falling edge of E2. 
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HM-8808, HM-8808A 


Low Voltage Data Retention 
Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-down transitions, E (HM- 


mind. Data retention voltage and supply current are 8808) must be held between 90% of VCC and VCC 
guaranteed over temperature. The following rules insure +0.3V; E2 (HM-8808A) must be held above -0.3V and 
data retention: below 10% of VCC. 


1. The module must be kept disabled during data retention. 3. The RAM module can begin operation one TAVAX after 
The Chip Enable (E) on the HM-8808 must be held VCC reaches the minimum operating voltage (4.5V). 
between VCC-0.3V and VCC+0.3V. Chip Enable 2 (E2) 
on the HM-8808A must be held between -0.3V and GND 
+0.3V. 


HM-8808 Data Retention Timing 


DATA RETENTION MODE 


(1} 
TAVAX 


—— —}— 
a) 7\_ 7x 
UM W 


HM-8808A Data Retention Timing 
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we ei HM-8816H 


16K x 8 High Speed Asynchronous 


January 1992 CMOS Static RAM Module 

Features Description 

e Low Standby Supply Current................ 800uA The HM-8816H is a high speed, asynchronous CMOS static 

: RAM module, based on a multilayer, co-fired, dual-in-line 

= how Operating Supply CUNO ssnsctastuiatcs maells, ceramic substrate and eight HM-65262 16K x 1 asynchro- 

e Fast Access Time. .......... cece ec ccc cceces 70ns nous CMOS static RAMs packaged in leadless chip carriers. 

The HM-8816H uses on-substrate decoupling capacitors 

¢ Low Data Retention Supply Voltage............ 2.0V packaged in leadless chip carriers to reduce electrical noise 

e Wide Operating Temperature ....... -55°C to +125°C + and improve reliability. The pinout of the HM-8816H 

Range conforms to the JEDEC 8 bit wide, 28 pin RAM standard, 


which allows the system designer to design sockets that will 
¢ CMOS/TTL Compatible Inputs/Outputs accommodate a variety of industry standard RAMs and 
e JEDEC Approved Pinout EPROMs. The HM-8816H also has gated inputs to simplify 
system design for optimum standby supply current. 


The HM-65262 RAMs used in this module are full CMOS 
devices, utilizing arrays of six transistor (6T) memory cells 
e¢ Single 5V Power Supply for the most stable and lowest possible standby supply 
™ » current over the full military temperature range. In addition to 
o Stan Card DIP SILO lig seein Gieaie peat eal oars this, the high stability a the 6T cell eve: excellent 
e¢ Easy Microprocessor Interfacing protection against soft errors due to electrical noise and 
alpha particles. This stability also improves the radiation 
tolerance of the RAMs over that of four transistor devices. 


e Full CMOS - Six Transistor RAM Cells 
e No Clocks or Strobes Required 


¢ Gated Inputs 


Pinout Functional Diagram 
28 LEAD MODULE 
TOP VIEW 
A0-A13 
W 
E 


CMOS MEMORY 


Standby (CMOS) 
Standby (TTL) 
Read 

Write 


Ordering Information 


TEMPERATURE 
RANGE 70ns 


MODULE -55°C to +125°C | HM5-8816HB-8 HM5-8816H-8 


Address Inputs 
Data Input/Outputs 
Chip Enable 

Write Enable 
Power (+5V) 

GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3007 
Copyright © Harris Corporation 1992 6-213 
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Specifications HM-8816H 


Absolute Maximum Ratings 


Supply Voltages v:0 bee oeese vlan See awed) yaa +7.0V Junction Temperature ............ ce eee eee ewes +175°C 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s) .................... +300°C 
Storage Temperature Range ................. -65°C to +150°C «= Gate Count ..... 0... cee ccc eee eee ees 210,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range.................2-6. +4.5V to +5.5V Operating Temperature Range ................ -55°C to +125°C 


DC Electrical Specifications Vcc = 5V + 10%; T, = -55°C to +125°C (HM-8816HB-8, HM-8816H-8) 


SYMBOL PARAMETER | min | MAX | UNITS 


ICCSBI Standby Supply Current (CMOS) p= | 800 | 
ICCSB Standby Supply Current (TTL) pe || 


ICCOP Operating Supply Current (Note 1) a 10 = 0, f = 1MHz, E = VIL, VIN= VCC 
or GND 


= 

=a 

ee ee 
[motto cnet | | wm [vaneco@o 


TEST CONDITIONS 


iO = 0, E =VIH 
10 = 0, E + VIL, VIN = ViH or VIL 


E 
oak, 


a 
a 
ee 
a 
Se 

= 

= 


1OL = 0.8mMA 
IOH = -4.0mA 
IOH = 100MA 


VOH2 Output Voltage High (Note 2) VCC - 0.4 


Capacitance T, = +25°C (Note 2) 


SYMBOL PARAMETER p MAX UNITS TEST CONDITIONS 
Input Capacitance a aa f = 1MHz, VIN = VCC or GND 
Input/Output Capacitance a aa f= 1MHz, VIO = VCC or GND 


NOTES: 
1. Typical derating: 40mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 
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Specifications HM-8816H 


AC Electrical Specifications = VCC =5V + 10%; T, = -55°C to +125°C (HM-8816HB-8, HM-8816H-8) 


LIMITS 
HM-8816HB HM-8816H 
wax | unirs | notes 


SYMBOL PARAMETER 


READ CYCLE 


(1) TAVAX | Read Cycle Time 70 


(2) TAVQV Address Access Time 


(3) TELQV Chip Enable Access Time 


(4) TELQX Chip Enable Output Enable Time 
(5) TEHQX Chip Enable Output Hold Time 
(6) TAXQX Address Output Hold Time 


(7) TEHQZ Chip Disable Output Disable Time 


WRITE CYCLE 


(8) TAVAX Write Cycle Time 70 


(9) TELWH | Chip Enable to End of Write W Controlled 


(10) TELEH Chip Enable to End of Write E Controlled 


75 
Write Pulse Width a 


(11) TWLWH 


_ 
Go 


(12) TAVWL | Address Setup Time W Controlled 


E Controlled 


(13) TAVEL Address Setup Time 


(14) TWHAX | Write Recovery Time W Controlled 


~« 
is) 


(15) TEHAX | Write Recovery Time E Controlled 10 


(16) TDVWH | Data Setup Time W Controlled 


—_ 
ww 


(17) TDVEH | Data Setup Time E Controlled 


(18) TWHDX | Data Hold Time W Controlled 


(19) TEHDX | Data Hold Time E Controlled 


(20) TWLQZ j Write Enable Low to Output Off 


ae: 


(21) TWHQX | Write Enable High to Output On 


NOTES: 


1. Input puise levels: 0 to 3.0V; Input rise and fall times: 5ns max.; Input and output timing reference level; 1.5V; Output Load: 1 TTL gate 
equivalent and CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. VCC = 4.5V and 5.5V. 
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CMOS MEMORY 


HM-8816H 


Timing Diagram 
READ CYCLE 1: CONTROLLED BY E 


VY SM SC NOVY NZ 
R ROQQOOO TR FOOOOOOOODKLOXKY 


TAVAX 
_ TELQV 
E 
TEHOZ 
TELOX © @) 
TEHOX 
Q COCK, KOOO]OOO 


NOTE: W is held high for entire cycle and D is ignored. Address is stable by the time E goes low and remains valid until E goes high. 


READ CYCLE 2: CONTROLLED BY ADDRESS 


@) 
TAVAX 

A , ae 

TAVQV 
aad @ 7 
E Wwix\Xos he @) 

TEHOZ 
TELOX (4) 
TAXQX (6) 


Q OXXKK KKK KKK OOK  EXOKOIOOOO 
NOTE: W is high for entire cycle and D is ignored. E is stable prior to A becoming valid and after A becomes invalid. 


WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 


@) 
TAVAX 
A MR KK 
TWHAX 
aces TELWH E 
E us: HLL 
TEHQZ = 


Ww N\A SK 
TOVWH—= TWHDX 
D XXK KKK KKK ROR 
; noe sear TWHOX (i) 
COX KK KKKKKSXSD CK XX KK KYO 


NOTE: In this mode, E rises after W. The address must remain stable whenever both E and W are low. 
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HM-8816H 


Timing Diagrams (Continued) 
WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 


(3) TAVEL 
: TELEH 
" VET: VY7Z# 
TWHOX 
7TH ae 
OOXQOROOOWDO SOO CECE, 
a 
} OK20O XXX 
TWLOZ TEHOZ 
@ 


NOTE: In this mode, W rises after E. If W falls before E by a time exceeding TWLQZ (Max) - TELQX (Min), and rises after E by a time 
exceeding TEHQZ (Max) - TWHQZ (Min), then Q will remain in the high impedance state throughout the cycle. The address must 
remain stable whenever E and W are both low. 


CMOS MEMORY 
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HM-8832 


32K x 8 Asynchronous 


January 1992 CMOS Static RAM Module 

Features Description 

¢ Full CMOS Six Transistor Memory Cell The HM-8832 is a 32K x 8 Bit Asynchronous CMOS Static 
RAM Module based on a multilayered, co-fired, dual-in-line 

* Low Standby Supply Current ..............+. 250A ceramic substrate, four HM-65642 CMOS Asynchronous 

¢ Low Operating Supply Current............... 15mA__ Static RAMs, and an HCT-138 high-speed CMOS decoder, 
all mounted in ceramic leadless chip carriers. In addition to 

e Fast Address Access Time................5. 180ns this, each module is equipped with a ceramic capacitor to 

e Low Data Retention Supply Voltage............ 2.0V minimize power supply noise and reduce the need for 


¢ CMOS/TTL Compatible Inputs/Outputs 
e JEDEC Approved Pinout 
Equal Cycle and Access Times 


¢ No Clocks or Strobes Required 


Single 5V Power Supply 


Easy Microprocessor Interfacing 
e Operating Temperature Range...... -55°C to +125°C 
e Standard DIP Size - 0.6” x 1.4” 


Ordering Information 


| PKG | TEMP.RANGE | 180ns/200A* | 180ns/750A* 
MODULE | -55°C to +125°C | HM5-8832B-8 | HM5-8832-8 


“ Access Time/Data Retention Supply Current 


Pinout 


28 LEAD MODULE 
TOP VIEW 


Standby (CMOS) 
Standby (TTL) 
Enabled (High Z) 


Read 


external decoupling. Furthermore, this capacitor is sealed in 
a ceramic leadiess carrier for maximum reliability, even in 
extreme environments. All inputs on the HM-8832 are gated 
by the E input to simplify system design requirements to 
obtain the minimum standby and data retention supply 
current. The pinout of the HM-8832 conforms with the 
JEDEC standard for eight-bit wide, 28 pin RAMs, which 
allows the module to be pin compatible with future 
generations of high density RAMs and EPROMs. 


The HM-65642 RAMs used on the HM-8832 module are full 
CMOS devices, utilizing arrays of six-transistor (6T) memory 
cells for the most stable and lowest possible standby and 
data retention supply current over the full military operating 
temperature range. In addition to this, the high stability of the 
6T cell provides excellent protection against soft errors due 
to power supply noise and alpha particles. This stability also 
improves the radiation tolerance of the module over that of 
RAMs utilizing four transistor (4T) Mix-MOS memory cells. 


Functional Diagram 


& 
L_ I HM-65642 
aug 


FUNCTION 


Address Inputs 
Data Input/Output 
Chip Enable 
Output Enable 
Write Enable 
Power (+5V) 
Ground 


CAUTION: These devices are sensitive to electrostatic discharge Users should follow proper |I.C. Handling Procedures. 
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Specifications HM-8832 


Absolute Maximum Ratings 


Supply: Vollage icine aces exeeia yenutaten eet ees +7.0V Junction Temperature ............. 0.0... ce eee ee eee +175°C 
input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s).................220- +300°C 
Storage Temperature Range ................. “65°C to+150°C Gate Count........... ccc cee cece ee eee 405,230 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................-006- +4.5V to +5.5V Operating Temperature Range ................ -55°C to +125°C 
(NOTE 1) 


LIMITS 
SYMBOL PARAMETER | MIN, | MAX | UNITS TEST CONDITIONS 


ICCSBI Standby Supply Current (CMOS) ee Ea HM-8832B, IO = 0, E = VCC - 0.3V 
| 900 | WA HM-8832, IO = 0, E = VCC - 0.3V 
ICCSB Standby Supply Current (TTL) po mA | 
A ; 


[40 | ma | e822, 10-0, E=vin 
ICCEN Enabled Supply Current 


ICCOP Operating Supply Current (Note 3) 


15 mA lO = 0, f= 1MHz, E = VIL, VIN= VCC 
or GND 
ICCDR Data Retention Supply Current 


es ae 
sete ae ae 
es 


-1 
2. 


0 
0 


Nh 
o~S 


CMOS MEMORY 


Capacitance T, = +25°C (Note 2) 


(smear [ramus [ma [ re [vere 
[coace [oom cimatmncwine | | oF _[weave-veowanm tame 
a 
a 


NOTES: 
1. All devices tested at worst case temperature and supply voltage limits. 
2. Guaranteed but not tested. 
3. Typical derating SmA/MHz increase in ICCOP. 
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Specifications HM-8832 


AC Electrical Specifications VCC = 5V + 10%, T, = -55°C to +125°C (HM-8832B-8, HM-8832-8) 


HM-8832B-8 | HM-8832-8 ie i 3) 
SYMBOL PARAMETER | MIN | MAX | MIN | CONDITIONS 


READ CYCLE 


Read Cycle Time 

Address Access Time 

Chip Enable Access Time 

Output Enable Access Time 

Chip Enable Output Enable Time 

Output Enable Time 

Address Output Hold Time 

Chip Disable Output Disable Time 

Output Disable Time | 
WRITE CYCLE 

Write Cycle Time 

Write Pulse Width 

Chip Enable to End of Write 

Chip Enable to End of Write 

Address Setup Time 

Address Setup Time 

Write Recovery Time 

Write Recovery Time 

Data Setup Time 

Data Setup Time E Controlled 

Data Hold Time ‘W Controlled 

Data Hold Time E Controlled 

Write Enable Output Disable Time 


(Note 2) 
(23) TWHQX | Write Disable Output Enable Time (Note 2) 
NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 100pF (min) including scope and jig - for CL greater than 100pF, access time is derated by 0.15ns per pF. 


2. Guaranteed but not tested. 
3. All devices tested at worst case temperature and supply voltage limits. 


a 


a 


W Controlled 
E Controlled 
W Controlled 
E Controlled 
W Controlled 
E Controlled 
W Controlled 


a 
aad 
men 
mene 


ea 


a 


ae 
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HM-8832 


Timing Diagram 
READ CYCLE 1: ADDRESS CONTROLLED (Notes 1, 2) 
(1) 


A X3€ ADDRESS1 VALID 26X  ADDRESS2VALID XXX 
Q «KxKxXKxKx KSEE SCODATA1VALID SX DATA2VALID XX 


READ CYCLE 2: E OR G CONTROLLED (Note 1) 


A 
E 
(3) TELQV 
(5) TELOX TEHQZ 
G 
Q 


READ CYCLE NOTES: 1. Ina read cycle, W is held high. ee 
2. In read cycle 1, the module is kept continuously enabled: E and G are held low. 


WRITE CYCLE 1: W CONTROLLED (Note 1) 


<I 


D VZNZNAZ SZ NZ NSS 
(IN LANZA LL ee Nek nd LS 


(22) | TWLQZ ss | 
Q 


WRITE CYCLE 1: E CONTROLLED (Note 2) 


CMOS MEMORY 


(10) 
TAVAX 


=| 


WRITE CYCLE NOTES: 1. In Write Cycle 1, the module is first enabled, and then data is strobed into the RAM with a pulse on W. if G is 
held high for the entire cycle, the outputs will remain in the high impedance state. If G is held low, it may be 
necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDOVWH overlapped. 


2. In Write Cycle 2, Address (A) and Write Enable (W) are first setup and then data is strobed into the RAM with 
a pulse on E. 
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FARRIS 


SEMICONDUCTOR 


tt HM-92560 


256K Synchronous 
January 1992 CMOS RAM Module 
Features Description 
e Low Standby Current............... 500uA The HM-92560 is a high density 256K bit CMOS RAM module. Six- 
e Fast Address Access Time........... 170ng teen synchronous HM-6516 2K x 8 CMOS RAMs in Leadless Chip 
Data Retention .............. 20VMinvec Carriers are mounted on a multilayer ceramic substrate. The HM- 
: Three-State Outputs 92560 RAM module is organized as two 16K x 8 CMOS RAM arrays 
P sharing a common address bus. Separate data input/output buses 
¢ Organizable as 32K x 8 or 16K x 16 Array and chip enables allow the user to format the HM-92560 as either a 
¢ On Chip Address Registers 16K x 16 or 32K x 8 array. Ceramic capacitors are included on the 
¢ 48 Pin DIP Pinout ...... 2.66" x 1.30" x 0.29" substrate to reduce noise and to minimize the need for additional 
¢ Synchronous Operation ......... 30mA/MHz ternal decoupling. 
Yields Low Operating Power The synchronous design of the HM-92560 provides low operating 
¢ Operating Temperature Range......- 55°C to power along with address latches for ease of interface to multiplexed 
+125°C address/data bus microprocessors. 


Ordering Information 


BOI Hes" | ANE EEO 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 


The HM-92560 is physically constructed as an extra wide 48 pin dual- 
in-line package with standard 0.1" centers between pins. This 
package technique combines the high packing density of CMOS and 
Leadless Chip Carriers with the ease of use of DIP packaging. 


48 LEAD MODULE 


TOP VIEW 


Copyright © Harris Corporation 1992 
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File Number 3009 


HM-92560 


Functional Diagram 
Ww 
A0-A10 
‘a + 7 A0-10 
= W E 
D00-7 G S pa0-7 
Ei x) 
ES E16 
: A0-10 ™ A0-10 
E e te E 
pao-7 DQ0-7 
J J HM-6516 
pQo-7 GA GB: DA8B-15 


Organizational Guide 


FOR 32K x 8 CONFIGURATION Concerns for Proper Operation of Chip Enables: 


CONNECT: PIN 16 (DQO) to PIN 33 (DQ8) The transition between blocks of RAM requires a change in 
PIN 17 (DQ1) to PIN 32 (DQ9) the chip enable being used. When operating in the 16K x 16 
PIN 18 (DQ2) to PIN 31 (DQ10) mode _use the chip enables as if there were only eight, E1 
PIN 19 (DQ3) to PIN 30 (DQ11) thru E8. In the a X 8 Hes all chip ee be 
PIN 20 (DQ4) to PIN 29 (DQ12) treated separately. Transitions between chip enables must 


be treated with the same timing constraints that apply to any 


Dacia rire nobles ean! one chip enable. All chip enables must be high at least one 


ae (OCC OINEO chip enable high time (TEHEL) before any chip enable can or 
PIN 23 (DQ7) to PIN 26 (DQ15) fall. As the HM-92560 is a synchronous memory every oO 
FOR 16K x 16 CONFIGURATION address transition must be accompanied by a chip enable = 
CONNECT: PIN 6 (E1) to PIN 15 (E9) transition (see timing diagrams). More than one chip enable = 
PIN 7 (E2) to PIN 24 (E10) low etl ealaaa for sigan a Mads are tied com- 8 
PIN 8 (ES) to PIN 25 (E11) Hess baile pelle or externally, is an illegal input condition 3 

PIN 9 (E4) to PIN 34 (E12) en amie ere 


PIN 10 (E5) to PIN 35 (E13) Printed Circuit Board Mounting: 


pees ee) lone. eM” The leadiess chip carrier packages used in the HM-92560 

PIN 12 (E7) to PIN 39 (E15) have conductive lids. These lids are electrically connected to 

PIN 14 (E8) to PIN 40 (E16) GND. The designer should be aware of the possibility that 

PIN 13 (GA) to PIN 36 (GB) the carriers on the bottom side could short conductors below 
if pressed completely down against the surface of the circuit 
board. The pins on the package are designed with a standoff 
feature to help prevent the leadless carriers from touching 
the circuit board surface. 
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Specifications HM-92560 


Absolute Maximum Ratings 


SUDpIY Vola. c.2b-c-2u6e nea ea sak ak wee ee ae +7.0V Junction Temperature .......... 0. ccc cece eee ences +175°C 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10s) .................005 +300°C 
Storage Temperature Range ................. -65°C to +150°C }3=6 Gate Count... 0... cece cece cence 415250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..................65. +4.5V to+5.5V Operating Temperature Range ................ -55°C to +125°C 


DC Electrical Specifications VCC = 5V + 10%; Ty = -55°C to +125°C ( HM-92560-8) 


SYMBOL PARAMETER | MIN | MAX | UNITS | (NOTE 1) TEST CONDITIONS 
ICCSB Standby Supply Current = | 500 | pA | 10 = OmA, VI = VCC or GND 


ICCOP Operating Supply Current (16K x 16) (Note 2) mA E= 1MHz, IO = OmA, VI = VCC or 
GND, G = VCC 

ICCOP Operating Supply Current (382K x 8) (Note 2) mA E= 1MHz, 10 = OmA, VI = VCC or 
GND, G = VCC 

ICCDR Data Retention Supply Current pA VCC = 2.0V, |O = OmA, VI = VCC or 
GND, E = VCC 


0 
= 
Cae 


Tver [ouwurionvomoe «tes | | fmt 
wore [oupurionvoroe woes df veooa] |v [o=toma 


Capacitance T, = +25°C 


[erwscu | ___Panaweren ‘| WN | wax [uNTS]  TESTCONOTTONS 
a F 
Rad ial 


VIL 
VIH 
VOL 


ClO2 Input/Output Capacitance (32K x 8) (Note 3) 
Write Input Capacitance (Note 3) 
CCVCC_ | Decoupling Capacitance 


NOTES: 
1. VCC = 4.5V and 5.5V 
2. Typical derating 5mA/MHz increase in ICCOP. 
3. Tested at initial design and after major design changes. 


CiG1 Output Enable Input Capacitance (16K x 16) 
(Note 3) 
CIG2 Output Enable Input Capacitance (32K x 8) 
(Note 3) 
| 200 


clo1 Input/Output Capacitance (16K x 16) (Note 3) 


6-224 


Specifications HM-92560 


AC Electrical Specifications VCC = 5V + 10%; T, = -55°C to +125°C (HM-92560-8) 


[syweot | __PARAWETER | _wN | MAX | UNTTS | TESTCONDTIONS 
Te TeLav [Grip Enabienccosstine | -—~[ 0] ns [oes 
Te taver_[ Asiess esass Tine iP Ons | st) 
[ey TELGX | Chip Enabie oupuenabioTine | 0 | - | rs | _Womsaa) 
ee oo 


i 
: 
i 


ae 

| ne 
pons 
eee 
| ns 
ae 
_ rs [Notes 1,3) 
es 
ee 
ae 
ae 
se 
ae 
a 


ee a ae 
ef 
ee 
: eae 
[te TELcH | Grip Enati Puse Nesawewam | _te0_| 
(6) TEREL | Crip EnatiePuse Posie wan | 0 |_| 
Tia) Taver [Assess Soup tin Sid] 
Ty Teta [Adsesshoatime sd 
12) TWwowri [wine EnatiePusewiah =i veof 
11a) TWEH | Wits erate Puse SoupTine | v0 | 
14) TeLwr | WiteErabe PusoHowTine | _150_| 
sy Tow [Daiasouptine Sit mY 
ey TwHox [Oaiarostine Sid 
[cm twiov [Wits daispeaytine «dof id 

[wo f - 


(18) TELEL Read or Write Cycle Time (Notes 1, 3) 
NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

3. VCC = 4.5V and 5.5V. 


Read Cycle i 
Tavav -—_____-} (10) 
(10\-{ raver bss | 
permanant, es ADD 
mn on LPs 
(9) - TEHEL TEHEL (9) 
Ee 
po 
4\—-| TeHOZ = TELOV (4) 
(4) Bi sel ax TEHOZ 


00 Sra Kini onta out) 
NN nN 
NTP rl accrees ceaacais UC Gea (cae Sa Sa 


REFERENCE | —E | w {| G {| a | oa | FUNCTION 

aX emery bias 

TTT Pe eins, aaron ae tached 
x 
v 
V 


Z Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


ess 
ae 
| _V__| Read Accomplished 
| Z| 


> 
ox 
O 
= 
Ww 
= 
wo 
Oo 
= 
O 


HM-92560 


Read Cycle (Continued) 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 


Write Cycle 


| 
(10) | TELAx|_. 
TAVEL 


emcees 
PMU NN 


TELWH 


Ok eeseoeeroneeemeee 
SOKO acacachs Och cheleteeeacesececeeee, 
lo eceesenantoerett atoning 


G HIGH 


TIME 


REFERENCE 1 0 1 


enabled but data is not valid until time (T = 2). W must 
remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out- 
put buffers into a high impedance mode at time (T = 4). 


(101 


TAVEL 
NEXT ADD 


LEH —~(13} 


‘VAUX 


TDVWH=j(15) 


oysle Begins, Aasresses aro Laiched 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip regis- 
ters. If a write cycle is to be performed where the output is 
not to become active, G can be held high (inactive). TWHDX 
and TOVWH_must_be met for proper device operation 
regardless of G . If E and G fall before W falls (read mode), a 
possible bus conflict may exist. If E rises before W rises, ref- 
erence data setup and hold times to the E rising edge. The 


Cycle Ends, Next Cycle Begins (Same as 0) 


write operation is terminated by the first rising edge of Ww (T 
= 2) or E (T = 3). After the minimum E high time (TEHEL), 
the next cycle may begin. If a series of consecutive write 
cycles are to be performed, the W line may be held low until 
all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising edge 
of E. 
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poem a HM-92570 


256K Buffered Synchronous 


January 1992 CMOS RAM Module 
Features Description 
e¢ Low Standby Current.......... 600LA/3.5mA The HM-92570 is a fully buffered 256K bit CMOS RAM Module con- 


sisting of sixteen HM-6516 2K x 8 CMOS RAMs, two 82C82 CMOS 
octal latching bus drivers, and two HCT-138 CMOS 3:8 decoders in 
e Data Retention ...................00. 2.0V__leadless chip carriers mounted on a multilayer ceramic substrate. The 
HM-92570 RAM Module is organized as two 16K x 8 CMOS RAM 
arrays sharing a common address bus. Separate data input/output 
e Organizable As 32K x 8 or 16K x 16 Array buses allow the user to format the HM-92570 as either a 16K x 16 or 
32K x 8 array. 


e Fast Access Time. ..............20. 250ns 


¢ Three-State Outputs 


e Buffered Address And Control Lines 


On-board buffers and decoders reduce external package count 
On Chip Address Registers 


requirements. Write enable, output enable and chip enable control 


¢ 48 Pin DIP Pinout - 2.66" x 1.30" x 0.29" signals are buffered along with address inputs. Ceramic capacitors 
; sealed in leadless carriers are included on the substrate to reduce 
¢ Operating Temperature Range...... “55°C to power supply noise and to reduce the need for external decoupling. 
+125°C 


a SCTE SyNChronous design of the HM-92570 provides low operating 
. : power along with address latches for ease of interface to multiplexed 
Ordering Information address/data bus microprocessors. 


| PACKAGE | TEMP.RANGE | — 250ns | The HM-92570 is physically constructed as an extra wide 48 pin 
. dual-in-line package with standard 0.1" centers between pins. This 
package technique combines the high packing density of CMOS and 


leadless chip carriers with the ease of use of DIP packaging. 


Pinout 48 LEAD MODULE 
TOP VIEW 


roe PIN NAMES 


DESCRIPTION 


3) 
~~ 
x 
fe) 
= 
Lu 
= 
Y) 
O 
= 
O 


40] E1B Address Input 
39) E2B 
W 
. 
NC 
Bo 
132] Dae 
7 
30] Da11 
129] DQ12 
[28] DA13 
27] DQ14 
126} DQ15 
| 25) GND 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3010 
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HM-92570 


Functional Diagram 


HCT-138 


eee ore) A ' 1 
a Al2 
rey At3 
BES E1B 
jean 7 ee 


E3B 


Organizational Guide 
FOR 32K X 8 CONFIGURATION 


Connect: Pin 16 (DQO) to Pin 33 (DQ8) 
Pin 17 (DQ1) to Pin 32 (DQ9) 
Pin 18 (DQ2) to Pin 31 (DQ10) 
Pin 19 (DQ3) to Pin 30 (DQ11) 
Pin 20 (DQ4) to Pin 29 (DQ12) 
Pin 21 (DQ5) to Pin 28 (DQ13) 
Pin 22 (DQ6) to Pin 27 (DQ14) 
Pin 23 (DQ7) to Pin 26 (DQ15) 


FOR 16K X 16 CONFIGURATION 


Connect: Pin 9 (E1A) to Pin 40 (E1B) 
Pin 10 (E2A) to Pin 39 (E2B) 
Pin 11 (E3A) to Pin 38 (E3B) 
Pin 13 (GA) to Pin 36 (GB) 


Concerns for Proper Operation of Chip Enables: 


The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 16K x 16 
mode, use the chip enables as if there were only three, E1 
thru E3. In the 32K x 8 mode, all chip enables must be 
treated separately. Transitions between chip enables must 


be treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. As the HM-92570 is a synchronous memory, every 
address transition must be accompanied by a chip enable 
transition (see timing diagrams). More than one chip enable 
low simultaneously, for devices whose outputs are tied com- 
mon either internally or externally, is an illegal input condition 
and must be avoided. To properly decode the chip enables, 
addresses A11, A12, and A13 must be valid for the duration 
of TAVAV. 


Printed Circuit Board Mounting: 


The leadless chip carrier packages used in the HM-92570 
have conductive lids. These lids are electrically connected to 
GND.The designer should be aware of the possibility that the 
Carriers on the bottom side could short conductors below if 
pressed completely down against the surface of the circuit 
board. The pins on the package are designed with a standoff 
feature to help prevent the leadless carriers from touching 
the circuit board surface. 
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Specifications HM-92570 


Absolute Maximum Ratings 


SUPPLY Voltage syst eats ta es a6 se ee an ees +7.0V Junction Temperature ......... 0... c eee cece cence +175°C 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V. Lead Temperature (Soldering 10s) ...................-. +300°C 
Storage Temperature Range ................. -65°C to +150°C Gate Count ......... eee cee eee eee ee 417200 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range................ 0c eee +4.5V to+5.5V Operating Temperature Range ................ -55°C to +125°C 


DC Electrical Specifications VCC = 5v + 10%; T, = -55°C to +125°C (HM-92570-8) 


SYMBOL PARAMETER | MIN | MAX | UNITS | (NOTE 1) TEST CONDITIONS 
ICCSB__| Standby Supply Current F=f 600 | IO = OmA, VI = VCC or GND 


ICCOP Operating Supply Current (16K x 16) (Note 3) mA E= IMHz, IO = OmA, VI = VCC or 
GND, G = VCC 

ICCOP Operating Supply Current (32K x 8) (Note 3) mA E= 1MHz, IO = OmA, VI = VCC or 
GND, G = VCC 

ICCDR Data Retention Supply Current VCC =2.0V, |O = OmA, VI = VCC or 


a GND, E = VCC 
[WeCoR | Data Retention Sup Votage 
| 60 | +. 
peel t 
| 38 
eal 
24 


-— 
Output High Voltage 


SYMBOL PARAMETER 
Address Input Capacitance (Note 2) 


CIE1 Decoder Enable Input Capacitance (16K x 16) 
(Note 2) 

CIE2 Decoder Enable Input Capacitance (32K x 8) 
(Note 2) 

CIG1 Output Enable Input Capacitance (16K x 16) 
(Note 2) 


UNITS TEST CONDITIONS 
VI = VCC or GND, f = 1MHz 


VI = VCC or GND, f = 1MHz 


F 
VI/O = VCC or GND, f = 1MHz 


VI/O = VCC or GND, f = 1MHz 
VI = VCC or GND, f = 1MHz 
pouF | fetMHz 


Input/Output Capacitance (16K x 16) (Note 2) 
Cclo2 Input/Output Capacitance (32K x 8) (Note 2) 
CiWw Write Input Capacitance (Note 2) 


CCVCC_ | Decoupling Capacitance (Note 2) 


1. VCC = 4.5V and 5.5V. 
2. Tested at initial design and after major design changes. 
3. ICCOP is proportional to operating frequency. 
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Specifications HM-92570 


AC Electrical Specifications VCC = 5v + 10%; T, = -55°C to +125°C (HM-92570-8) 


[~svMsot[ PARAMETER | MIN | WAX | UNTS | TESTCONDITIONS _ 
T( TELQV | Chip Enable AccassTime [| - | 250 | re [Noes +t 
Te) tavav | Address Access Time | - | 270 | rs | (Noes, ) 
(a) TELOX | Chip Enable OutputenabloTme | 8 [_- | rs | Weles2,a) 
(a) TEHGZ | Chip Enable Output DisabloTime | - | 160 | ns | (Noles2,4) 
16) TOLGX | Output Enable OutputEnabieTime [10 | - | rs | (Nos) 
(6) TaLGV | Output Enable OutputvaiaTine | - | 120 | rs | (Notes) 
Tm TaHaZ | Ouput Enable Output Disabio Time | -| 180 | re | _(Noles2,) 
(@) TELEH | Chip Enable Puse Negaive wah [250 | - | re | __ (Noes) 
[(e) TEHEL | Chip Enable Puce Postive wiatn | 100 | - | re | (Notes 1,4) 
(io) TAVEL | Address SeupTime ‘| 20 | - | rs | Notes) 
(ii) TELAX | Adaress Hod Time | a0 || re |e) 
(12) TWiWH | Wille Enable Puse wists | 140 [_- | rs | __(Wolest.a)__—_ 
(13) TWLEH | Wile Enable Pulse SetupTime __[_140_|_- | ne _| (Noes) 
(14) TELWH | Wite Enable PulsoHoldTime | 250] _- | ne | _ (Noles) 
(15) TOWWH | Data Sewp Time ___———+| 20 | - | re | (Notes, 
(ie) TWHOX | DataHowTine | 70 || rs | Notes.) 
(7) TWLOV | Write Data Delay Tine ———~+dY 20] dt ns fe) 
[ (1a) TELEL | Read or Wito Gyo Tine | 350 | - | re (Notes 1,4) 

[ (18) TAVAV | Enable Decoder Address Vana Tine | 270 | - | ne | (applies Only to ANT, At2, ATS) 


NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 


3. Includes A11, A12, A13. 
4. VCC = 4.5V and 5.5V. 
Read Cycle 
TAVQV (2) 
(10) TAVEL tac (1 1 ) TAVEL (10) 
Ae tet on RON Nanna ° 
eles | 
°E3A and E36 are opposite polarity of EIA (9) TEHEL Lip Ree ae el TEHEL a 
st ee 
(4) TEHQZ g TEHOZ (4) 


ba 


eS CD, 


TAVAV 


AN omworeys 
AIZ OSOSXKXY (19) KKK 
TIME 
REFERENCE 4 3 ‘ 2 3 . ; 
TRUTH TABLE 


i ee 
REFERENCE | E | W | G [| A | DQ FUNCTION 

ee ae Ce ee ee a 
pe Nx TT 2 | ete Begins, Addresses are Latched | 
x [vf vf eupavais 
ae ee 


Read Accomplished 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 
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Read Cycle (Continued) 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0), minimum address setup and 
hold time requirements must be met. After the required hold 
time, the addresses may change state without affecting 
device operation. During time (T = 1), the outputs become 
enabled but data is not valid until time (T = 2), W must 


o 
Write Cycle 
TELAX 
(10) TAVEL (11) 
A SERRE VALID ADD YERRRRRRES 
°E3A and E38 are opposite polarity of E1A (9) 


EHEL 


E1A,E2A,E3A° 
E1B,€2A,E£38 


0.0.9,0.609, 2 902 
DA KRKORRK Sooper oro 
25555052529 


0. 0°. 0:05 00 ©. @ 6". cx) ”. 
205 624252 OOOO $2955 052905052 O S52 5 


orate 


4% e%e%e%e%e%e%e"e’% 7595505500505 020202070" 020500078" 
SSSA RIKI HII 0 

Me COO OOOOKODOC OIE 
OP Se 50 HN MUI IN A LID DATA IN RO RRR OR RRO 


remain high throughout the read cycle. After the data has 
been read, E may return high (T = 3). This will force the out- 
put buffers into a high impedance mode at time (T = 4). G is 
used to disable the output buffers when in a logical “1” state 
(T =-1, 0, 3, 4, 5). After (T = 4) time, the memory is ready for 
the next cycle. 


tavet (10) 
NEXT ADD 


(18) 


eg PLNNITIL GL SLIT TIL IT 
82525250505 50505 
90 oe 


(9) 


(13) 


ae Sr 
OMA CNEL) VIII IW]IN 


TOVWH-54(15) |. twHox (16) 


y, SRR 


EK eer 
x 6 QRRQERENK 


6 HIGH TAVAV 
All 
©) . 
Pee OOK RR 
TIME 
REFERENCE 1 0 


2 3 4 5 


TRUTH TABLE 


Cee 
a 
aS 


‘NC 


TIME 
REFERENCE 


ped 


The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on chip regis- 
ters. If a write cycle is to be performed where the output is not 
to become active, G can be held high (inactive). TDVWH and 
TWHDX _ must be met for proper device operation regardless 
of G. If E and G fall before W falls (read_mode), a possible 
bus conflict may exist. If E rises before W rises, reference 


Le 


DATA VO 
DQ FUNCTION 


[x [er Bains Adesso Lao 
[x [wie Poiestears 
eS 
[x | we comple 
[x | Preere For nex Gye Sane Aa 


data setup and hold times to the E rising edge. The write 
operation is terminated by the first rising edge of W (T = 2) or 
E (T = 3). After the minimum E high time (TEHEL), the next 
cycle may begin. If a series of consecutive write cycles are to 
be performed, the W line may be held low until all desired 
locations have been written. In this case, data setup and hold 
times must be referenced to the rising edge of E. 
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CMOS MEMORY 


Pe pn HM-91M2 


1M Bit Asynchronous 
CMOS Static RAM Module 


January 1992 
Features Pinout 48 LEAD MODUL 
TOP VIEW 

¢ Low Standby Current.............00cecccees 900A 
¢ Low Operating Supply Current............. 10/20mA 48} VCC 

AO 
e Fast Address AcceSs Time..........2eceeues 180ns ae] At 
e Low Data Retention Supply Voltage............ 2.0V 45} A2 
¢ CMOS/TTL Compatible inputs/Outputs = 6 
¢ Buffered Address and Control Lines 42] AS 
¢ 48 Pin DIP Pinout.................. 2.66 x 1.3 x 0.3” =e 
¢ Operating Temperature Range...... -55°C to +125°C Eop 
Description ar 
The HM-91M2 is a fully buffered 1,048,572 bit CMOS RAM GB 
module consisting of sixteen HM-65642 8K x 8 CMOS NC 
RAMs, two 82C82 CMOS octal buffers, and two HCT-138 Ss 
CMOS 3:8 decoders in leadless chip carriers mounted on a pas 
multi-layer, co-fired, ceramic substrate. The HM-91M2 bas 
CMOS RAM module is organized as two 64K x 8 RAM Bi] Dato 
arrayS sharing a common address bus and write enable 0] pati 
input. Separate data input/output buses allow the user to for- Be] pat2 
mat the HM-91M2 as either a 64K x 16 or 128K x 8 bit array. al BGG 
The on-substrate CMOS buffers and decoders on the HM- 7] Da14 
91M2 reduce the system package count and minimize the [26] DQ15 
capacitive load on the system address and control buses. In 25] GND 
addition to this, the HM-91M2 has on-substrate decoupling 3 
capacitors mounted in leadless chip carriers to reduce power 
supply noise and minimize the need for external decoupling 
while ensuring high reliability, even in harsh environments. 

PIN NAMES 
The HM-91M2 is physically constructed as an extra wide 48 
pin dual-in-line package with standard 0.1” centers between | PIN | DESCRIPTION 
pins to combine the high density of CMOS and leadless chip 
carriers with the ease of use of DIP packaging. 
The HM-65642 RAMs used on the HM-91M2 module are full | DQ | Data inpuvOutput 
CMOS devices, utilizing arrays of six-transistor (6T) memory — 
cells for the most stable and lowest possible standby and 
data retention supply current over full military operating tem- " 
perature range. In addition to this, the high stability of the 6T Cop Enabe 
cell provides excellent protection against soft errors due to 
power supply noise and alpha particles. This stability also 
improves the radiation tolerance of the module over that of 
RAMs utilizing four transistor (4T) Mix-MOS memory cells. 
OO [= [ie 
Ordering Information 
[ee [rer ance [tone [soe 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 301 1 
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Functional Diagram 


™ | 
AO-A10, A14, A15 
. a; 
Ld 


All All 


Al2 A12 
A13 HCT-138 HCT-138 a3 
EIA E1B 


E2A €28 
a ee E38 


E3A 


e@e0e @@ee 
pa0 DQ7 S 008 0Q15 

Organizational Guide 

FOR 128K X 8 CONFIGURATION Printed Circuit Board Mounting: 

Connect: Pin 16 (DQO) to Pin 33 (DQ8) The leadless chip carrier packages used in the HM-91M2 
Pin 17 (DQ1) to Pin 32 (DQ9) have conductive lids. These lids are electrically connected to 
Pin 18 (DQ2) to Pin 31 (DQ10) GND.The system designer should be aware that the carriers 
Pin 19 (DQ3) to Pin 30 (DQ11) on the bottom side could short conductors below if pressed 
Pin 20 (DQ4) to Pin 29 (DQ12) completely down against the surface of the circuit board. The 
Pin 21 (DQ5) to Pin 28 (DQ13) pins on the package are designed with a standoff feature to 
Pin 22 (DQ6) to Pin 27 (DQ14) help prevent the leadiess carriers from touching the circuit 
Pin 23 (DQ7) to Pin 26 (DQ15) board surface. 

FOR 64K X 16 CONFIGURATION 

Connect: Pin 9 (E1A) to Pin 40 (E1B) Low Voltage Data Retention 


Pin 10 (E2A) to Pin 39 (E2B) 
Pin 11 (E3A) to Pin 38 (E3B) 
Pin 13 (GA) to Pin 36 (GB) 


Harris CMOS RAMs are designed with battery backup in 
mind. Data retention voltage and supply current are guaran- 
teed over temperature. The following rules insure data reten- 


Concerns for Proper Operation of Chip Enables: tion: 
The transition between blocks of RAM requires a change in 1. The module must be kept disabled during data retention. oc 
the chip enable being used. When operating in the 64K x 16 The Chip Enable (E3A and E3B) and module select (S) ". 
mode use the chip enables as if there were only three, E1 thru must be between -0.3V and +0.3V. TT) 
E3. In the 128K x 8 mode all chip enables must be treated 4 = 
be P 2. During power-up and power-down transitions. S must be a 
separately. Transitions between chip enables must be treated held between -0.3V and 10% of VCC. Oo 
with the same constraints that apply to any one chip enable. ; s 
More than one (internal) chip enable low simultaneously, for 3. The RAM module can begin operation one TAVAX after oO 


devices whose outputs are tied together either internally or VCC reaches the minimum operating voltage (4.5V). 
externally, is an illegal input condition and must be avoided. 


DATA RETENTION MODE 


vcc 
(v) 


E3,S 
(v) 
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Specifications HM-91M2 


Absolute Maximum Ratings 


SUPDIV VONAGE ss vce eewe SGN edie eae kee eR aes +7.0V Junction Temperature ............ ccc cee eee eee eee +175°C 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Lead Temperature (Soldering 10S) .............00eeeee +300°C 
Storage Temperature Range ...............4. -65°C to +150°C 39. Gate Count... 0... cece cece ee ences 1619000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..................08. +4.5V to +5.5V Operating Temperature Range ................ -55°C to +125°C 


DC Electrical Specifications VCC = 5V + 10%; T, = -55°C to +125°C ( HM-91M2B-8, HM91M2-8) 


| MAX | UNITS TEST CONDITIONS (NOTE 1) 
| 900 | pA | IO = 0, E3 = S = 0.3V, VCC =5.5V 


IO = 0, E1 = E2 = VIH, E3=S=VIL, VCC 


ICCSB1 | Standby Supply Current (CMOS) 


ICCSB_ | Standby Supply Current (TTL) 
ICCEN | Enabled Supply Current 128K x 8 
64K x 16 
ICCOP_ |} Operating Supply Current 128K x 8 
(Note 2) 64K x 16 


ICCDR_ | Data Retention Supply Current 


= §.5V, VIN = VCC or GND 


10 = 0, E1 = E2 = VIL, E3 = VIH, S= VCC 
-0.3V, VCC = 5.5V, VIN = VCC or GND 


1O = 0, f= 1MHz, E1 = E2=VIL,S=VCC 
E3 = VIH, VCC = 5.5V, VIN = VCC or GND 


E3=S =0.3V, VCC = 2.0V 
Vi = VCC or GND, VCC = 5.5V 
VIN = VCC or GND, VCC = 5.5V 


[50 


50 
5.0 
0.4 


eS 
eS Co 
[oz [npwouet takage Curent 


+ 
VCC+0.3 
Capacitance T, = +25°C (Note 3) 


sywsot [PARAMETER «d= 
er | wpe Capactance Eaconts) dt |_| et vae voor NO 
[—e0a [aa v0 Capactance———————*d; 80] a _| fn Wr, Gand VE = VOC GND 


1. All devices tested at worst case temperature and supply voltage limits. 
2. Typical derating: 128K x 8: 5mA/MHz increase in ICCOP; 64K x 16: 10mMA/MHz. 
3. Guaranteed but not tested. 


Ppp lea]ee] 


IOL = 4.0mA, VCC = 4.5V 
IOH = -1.0mA, VCC = 4.5V 


IOH = -100p/A, VCC = 4.5V 


VIO = VCC or GND, VCC = 5.5V 


2. 


fe 


TEST CONDITIONS 
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Specifications HM-91M2 


AC Electrical Specifications VCC = 5V + 10%; Ty = -55°C to +125°C (HM-91M2B-8, HM91M2-8 ) 


LIMITS 


HM-91M2B-8 
LIMITS 


TEST 
CONDITIONS 
(NOTES 1, 2) 


SYMBOL PARAMETER 
READ CYCLE 

(1) TAVAX Read Cycle Time 

(2) TAVQV Address Access Time 

(3) TEVQV 
(4) TSHQV 
(5) TGLQV 
(6) TEVQX 
(7) TSHQX 
(8) TGLQX 
(9) TAXQX 
(10) TEXQZ 
(11) TSLQZ 
(12) TGHQZ 
WRITE CYCLE 


UNITS 


=a 
fee) 
io) 


(Notes 3, 4) 


Chip Enable Access Time 


Module Select Access Time 


a 
NO 
oO 


Output Enable Access Time 20 
Chip Enable Output Enable Time 


Module Select Output Enable Time (Note 3) 


Output Enable Time (Note 3) 
Address Output Hold Time 


Chip Disable Output Disable Time 


(Notes 3, 4) 


“i 
ol 


Module Select Output Disable Time 


oO 


1) 
(o) 


5 
0 


N 


Output Disable Time 


TAA | We uetine — 
Chip Enable toEndofWrite | WcControlled | 140 145 
| (16) TEVEX | ChipEnabletoEndof Write | _& Controlled 120 

(17) TSHSL_ | Chip Enable to EndofWrite |S Controlled 120 


W Controlled 

E Controlled 
S Controlled 
W Controlled 
E Controlled 
S Controlled 
W Controlled 
E Controlled 
S Controlled 
W Controlled 
E Controlled 
S Controlled 
Write Enable Output Disable Time 


(18) TAVWL 
(19) TAVEV 
(20) TAVSH 
(21) TWHAX 
(22) TEXAX 
(23) TSLAX 
(24) TOVWH 
(25) TDVEX 
(26) TDVSL 
(27) TWHDX 
(28) TEXDX 
(29) TSLDX 
(30) TWLOQZ 
(31) TWHOX 


Address Setup Time 


So 


Address Setup Time (Notes 3, 4) 


( 


(Note 3, 4) 


Address Setup Time 


Write Recovery Time 


Write Recovery Time 
Write Recovery Time 
Data Setup Time 
Data Setup Time 


on 
on 


(Notes 3, 4) 


Data Setup Time 
Data Hold Time 
Data Hold Time 
Data Hold Time 


35 
35 
35 


Qiao 
ouy on 


Go 
on 


oO 


Write Disable Output Enable Time 


NOTES: 
1. All devices tested at worst case temperature and supply voitage limits. 


2. Input pulse levels: 0 to 3.0V; Input rise and fall times: 10ns max; Input and output timing reference level: 1.5V; Output load: 1TTL gate 
equivalent and CL = 100pF min including scope and jig - for CL greater than 100pF, access time is derated by 0.15ns/pF. 


3. Guaranteed but not tested. 


4. Enable valid (EV) in a parameter is determined by the last transition that results in the combination of E1 low, | E2 low and E3 high. Enable 
invalid (EX) in a parameter is determined by the first transition that results in any other combination than E1 low, E2 low and E3 high. 
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HM-91M2 


Timing Diagrams 
READ CYCLE 1: ADDRESS CONTROLLED (NOTES 1, 2) 


(1) 
TAVAX 


+e 
ADDRESS 1 VALID et ADDRESS 2 VALID WEEKES ssaeeses XO 
RR DATA 1 VALID Ke DATA 2 VALID 
ee 


ereren 
erecececoceren 


a 


READ CYCLE 2: E,S,orGCONTROLLED (NOTE 1) 


( 
TAVAX 


A BRE : Sesesese 


TAVQV 


SAW o ee ML WWW 


pa —_ = =a 
TEVQx ; a TEXOZ 7) 


Mi un 7 ne AI 
AI : UM 


ma 


Q ae werete. 
werere™s . ae. 


NOTES: 
1. In a read cycle, W is held high. 
2. In read cycle 1, the module is kept continuously enabled: E1, E2 and G are held low; E3 and S are held high. 
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Timing Diagrams (Continued) 
WRITE CYCLE 1: WCONTROLLED (NOTE 1) 


TAVAX (13) 


S505 Cog bs ‘ KA SBOOOOOOOIOOIOIOIOIIO ION 
A 6505250 5255950905095 2525255 
Me e%e' . SOSH SHO SS HOOOOSOHOOS 
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ee ee 
© RT, COT. 


, 
s UU Ahh) V 
TWHQOX rR) T 
W 
TDVWH TWHDX 
(24) (27) 

D LOrerorevererereveverereverererere” “erererererereren fF ‘ererere?: Perera evereterererererere” 

OOO I I ae or BK KL 

TWLQZ 
(30) 

rN Sa KL OLS POO OOOO BN 

CAAA SAREE Md ROO OOOO aD 


WRITE CYCLE 2: E1, E2,orE3 CONTROLLED (NOTE 2) 


00.0.0. 


A .8.9.9.9.O. . 
(19) (16) (22) 
Ei, E2 
E3 


sl] AU 
CM AAW 
28 


KAA AAAAAAAAAAAAAAAAAAAAAAAA? 
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Timing Diagrams (Continued) 
WRITE CYCLE 1: SCONTROLLED (NOTE3) 


oA \ el " WW 
Fo eet te ee 

Y//, od MULL 

W WO VWWII|/#qTeVM|M|Mu 


OOO 
OOOO PIG? 


00 r0TAAZOTOTOAOTOTOreTe eTOrorerererererevererere® , 


NOTES: 


1. In Write Cycle 1, the module is first enabled, and then data is strobed into the RAM with a pulse on (W). If G is held high for the entire 
cycle, the out[puts will remain in the high impedance state. If G is held low, it may be necessary to lengthen the cycle to prevent bus 
contention. This would occur if TWLQZ and TDVWH overlapped. 


2. In Write Cycle 2, Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on E. 


3. In Write Cycle 3, Addresses (A), Write Enable (W) and the Chip Enable inputs (E1, E2 and E3) are first set up and data is then strobed 
into the RAM with the Module Select (S) input. 


TRUTH TABLE 
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Standby (TTL) Side A 


Standby (TT:L) Side A 


Standby (TTL) Side A 
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X Standby (TTL) Side B 
Standby (TTL) Side B 


Standby (TTL) Side B 


Side A Enabled, Outputs High Impedance 
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Side B Enabled, Outputs High Impedance 
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Read Side A 
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NOTE: 


1. Side A refers to the half of the module that connects to DQO through DQ7 and side B refers to the half of the module that conncets to DQ8 
through DQ15. When the module is configured as a 64K x 16 array, side A and side B may be enabled either simulaneously or separately. 
When the array is configured as a 128K x 8 array, side A and B should not be enabled simultaneously, as bus contention could result. 
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aw HARRIS HM-6642 


January 1992 512 x 8 CMOS PROM 
Features Description 
¢ Low Power Standby and Operating Power The HM-6642 is a 512 x 8 CMOS NiCr fusible link 
SICCSB: 4 diced sciaconeesweeudcciecnsiun 100nA Programmable Read Only Memory in the popular 24 pin, 
# IC COP <crssicautbeeredues etree ded 20mAatiMHz yte wide pinout. Synchronous circuit design techniques 
combine with CMOS processing to give this device high 
e Fast Access Time. ..............2 cece 120/200ns speed performance with very low power dissipation. 
e Industry Standard Pinout On-chip address latches are provided, allowing easy 


interfacing with recent generation microprocessors that use 
multiplexed addresss/data bus structures, such as the 8085. 
¢ CMOS/TTL Compatible Inputs The output enable controls, both active low and active high, 
further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
Synchronous Operation enable control. The data output latches allow the use of the 

HM-6642 in high speed pipelined architecture systems, and 
On-Chip Address Latches also in synchronous logic replacement functions. 


Separate Output Enable Applications for the HM-6642 CMOS PROM include low 
power handheld microprocessor based instrumentation and 
comunications systems, remote data acquisition and 
processing systems, processor control store, and synchro- 
nous logic replacement. 


¢ Single 5.0 Volt Supply 


e Field Programmable 


All bits are manufactured storing a logical “O” and can be 
selectively programmed for a logical “1” at any bit location. 


Ordering Information 


a 
[easeman  [aeocnvn 
eS. 


* Respective /883 specifications are included at the end of this datasheet. 


/883* 


SMD# 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3012 
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HM-6642 


Pinouts 


24 LEAD DIP 28 LEADLCC 
TOP VIEW TOP VIEW PIN DESCRIPTION 


EF [wee 


eo Data Output 


VCC Power (+5V) 
Gi, G2, G3 | Output Enable 
Program Enable 


* P should be hardwired to GND 
except during programming. 


Functional Diagram 
As 
A7 
os LATCHED vee 
AS seapephtchis pene 
mG REGISTER ALL LINES POSITIVE LOGIC -ACTIVE HIGH 
re THREE STATE BUFFERS: 
AHIGH —-> OUTPUT ACTIVE 
DATA LATCHES: 
8 LHIGH —> Q=D 7 
Q LATCHES ON RISING EDGE OF E 
A2 LATCHED ADDRESS LATCHES AND GATED DECODERS: 
Al ADDRESS eee ear LATCH ON FALLING EDGE OF E 
AO REGISTER GATE ON FALLING EDGE OF E 
P SHOULD BE HARDWIRED TO GND EXCEPT 
DURING PROGRAMMING 


\V 


G3 Qo Qh Q2 Q3 Q4 Q5 Qé6 Q7 
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Programming 
Introduction 


The HM-6642 is a 512 word by 8-bit field Programmable 
Read Only Memory utilizing nicrome fusible links as pro- 
grammable memory elements. Selected memory locations 
are permanently changed from their manufactured state, of 
all low (VOL) to a logical high (VOH), by the controlled 
application of programming potentials and pulses. Careful 
adherence to the following programming specifications will 
result in high programming yield. Both high VCC (6.0V) and 
low VCC (4.0V) verify cycles are specified to assure the 
integrity of the programmed fuse. This programming 
specification, although complete, does not preclude rapid 
programming. The worst case programming time required is 
37.4 seconds, and typical programming time can be 
approximately 4 seconds per device. 


The chip (E) and output enable (G) are used during the 
programming procedure. On PROMs which have more than 
one output enable control G3 is to be used. The other output 
enables must be held in the active, or enabled, state 
throughout the entire programming sequence. The program- 
mer designer is advised that all pins of the programmer's 
socket should be at ground potential when the PROM is 
inserted into the socket. VCC must be applied to the PROM 
before any input or output pin is allowed to rise” . 


Overall Programming Procedure 


1. The address of the first bit to be programmed is_ 
presented, and latched by the chip enable (E) falling 
edge. The output is disabled by taking the output enable 
G Low: The programming pin is enabled by taking (P) 
high. 

2. VCC is raised to the programming voltage level, 12.5V. 


3. All data output pins are pulled up to VCC program. Then 
the data output pin corresponding to the bit to be 
programmed is pulled low for 100ms. Only one bit should 
be programmed at a time. 


4. The data output pin is returned to VCC, and the VCC pin 
is returned to 6.0V. 

5. The address of the bit is again presented, and latched by 
a second chip enable falling edge. 


6. The data outputs are enabled, and read, to verify that the 
bit was successfully programmed. 


a). If verified, the next bit to be programmed is addressed 
and programmed. 


b). If not verified, the programs verify sequence is 
repeated up to 8 times total. 


7. After all bits to be programmed have been verified at 6.0V, 
the VCC is lowered to 4.0V and all bits are verified. 


a). If all bits verify, the device is properly programmed. 
b). If any bit fails to verify, the device is rejected. 
Programming System Requirements 


1. The power supply for the device to be programmed must 
be able to be set to three voltages: 4.0V, 6.0V, 12.5V. This 
supply must be able to supply 500mA average, and 1A 
dynamic, currents to the PROM during programming. The 
power supply rise fall times when switching between volt- 
ages must be no quicker than 1ms. 


2. The address drivers must be able to supply a VIH of 4.0V 
and 6.0V and VIL when the system is at programming 
voltages.” 


3. The control input buffers must be able to maintain input 
voltage levels of => 70% and < 20% VCC for VIH and VIL 
levels, respectively. Notice that chip enable (E) and G 
does not require a pull up to programming voltage levels. 
The program control (P) must switch from ground to VIH 
and from VIH to the VCC PGM level.* 


4. The data input buffers must be able to sink up to 3mA 
from the PROM’s output pins without rising more than 
0.7V above ground, be able to hold the other outputs high 
with a current source capability of O.5mA to 2.0mA, and 
not interfere with the reading and verifying of the data 
output of the PROM. Notice that a bit to be programmed 
is changed from a low state (VOL) to high (VOH) by 
pulling low on the output pin. A suggested 
implementation is open collector TTL buffers (or 
inverters) with 4.7kQ pull up resistors to VCC.* 

* Never allow any input or output pin to rise more than 0.3V above 

VCC, or fall more than 0.3V below ground. 
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Background Information HM-6642 Programming 


PROGRAMMING SPECIFICATIONS 


PARAMETER 


VCC PROG Programming VCC 
VCCN Operating VCC 
VCC LV Special Verify VCC 


ICC System ICC Capability 


Transient ICC Capability 

PROM INPUT PINS 
ee oe 
HOH Output Source Current (At VOH) 

PROM DATA OUTPUT PINS 
a 
pe 


UNITS 


3 
> 


20% VCC 


VCC 


VCC +0.3 


3 
> 


V 


VCC +0.3 


Nh 


| 


_ 
S 
© 


i 
ee 
| Input Leakage at VCC = VCC PROG 


+1.0 


= 
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HM-6642 PROGRAMMING CYCLE 


mi 


Vcc 


Q 


Vcc PROG 


Vcc PROG 


Vcc PROG 


Vcc PROG 


Vcc PROG 
VIH/VOH 
VIL/VOL 


VIH 
VIL 


VIH 
VIL 


VIH 
VIL 


VIH 
VIL 


Vcc 
GND 


PROGRAMMING ————————__ 


READ DATA 


HM-6642 POST PROGRAMMING VERIFY CYCLE 


Vcc 


VOH 
VOL 


TAVEL 


VALID 


TEHEL TEHEL 
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Specifications HM-6642 


Absolute Maximum Ratings Reliability Information 

Supply Volage oss seed eeree tie eee ais eee +7.0V Thermal Resistance ................ Bia es 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 52°C/W 20°C/W 
Storage Temperature Range ................: -65°C to +150°C Ceramic LCC Package ............ 58°C/W 19°C/W 
Junction Temperature... 0.2... cee cee ce eee eee +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)................000- +300°C Ceramic DIP Package...........0c ec ee ec ee ee eceees 0.96W 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP Ceramic LCC Package .......... ccc ccc cece eee eeces 0.86W 
ESD: Classification iss 5 esi sine dese Se as eae wee Class 1: Gate: Counts..35 soy deas oh was tare ed ee tea 1680 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................e eee +4.5V to+5.5V Operating Temperature Range 
HM-6642B-9, HM-6642-9 .............-.006- -40°C to +85°C 


DC Electrical Specifications VCC = 5V + 1-%; T, = -40°C to +85°C (HM-6642B-9, HM-6642-9) 


LIMITS 
SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 


| 100 =| pA |10=0, VI = VCC or GND, VCC = 5.5V 


mA jf =1MHz, lO =0, VI = VCC or GND, 
VCC = 5.5V 


GND < VI < VCC, VCC = 5.5V 


GND <VO< VCC, VOG = 5.5V 
VCC = 4.5V 


ee Be 
|__VOHI | OutputHigh Voltage | 24 | LICH =-1.0mavec=45v 
. booed 


IOH = -100pA, VCC = 4.5V 
SYMBOL PARAMETER 


(1) TELQV Chip Enable Access Time 

(2) TAVQV Address Access Time 
(TAVQV = TELQV + TAVEL) 

(3) TGVQV Output Enable Access Time 


Can 
5 
ao 
[1 Tevax[OuputenabioTime +t 
(16) 76x72 [OuputDisbiotime —_—«dt| dr 
7 

[160 

3 40 


V = 


TEST CONDITIONS 


Notes 1, 4 


Notes 1, 4 


Notes 1, 4 


ell 
es 
es 
— 
— 
— 
— 
— 
= 


TEST CONDITIONS 


f = 1MHz, All Measurements Reference Device 
Ground 


[Adsress HoldTime | 25 


LIMITS 
SYMBOL PARAMETER 


L MIN | MAX 
|G! |inputCepactiance (Note 2) |= | 10.0 
CO Output Capacitance (Note2) | - | 120 


NOTES: 1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent CL = 50pF (min) - for CL greater than 50pF, access time time is derated by 0.15ns per pF. 
2. Tested at initial design and after major design changes. 
3. Typical derating SmA/MHz increase in ICCOP. 
4. VCC = 4.5V and 5.5V 
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Switching Waveform 


READ CYCLE 
(2) 
TAVQV 
(9) (9) 
TAVEL TELAX =} (10) TAVEL 
SOOO < aop vain > eeesteecestcecenenererecececenecerarerereteS 
COOCCECECOOS DDV C0,2,0,0, 0,000,000, 0,000,060 -0.0.6 NEXT ADD 
= ey te MANO PRET I” 
(8} 
TEHEL (8) 
E 
5505056905505 505.05, 0 ESOS 
era taretetereraere.e, BS 560005 D 
ORR oy esacecons DATA VALI 
TGVQX 
TGxaz TGxaz (5) 
(5) 
*G auSSly 
Wd. 
TIME 
REFERENCE 
-1 O 1 2 3 456 
*G has the same timing as G except signal is inverted. 
Test Load Circuit 


DUT © 


* TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 


AND JIG CAPACITANCE EQUIVALENT CIRCUIT 
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FARRIS 


SEMICONDUCTOR 


HM-6642/883 


512 x 8 CMOS PROM 


uD 


January 1992 


Features 


This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Low Power Standby and Operating Power 


Description 


The HM-6642/883 is a 512 x 8 CMOS NiCr fusible link 
Programmable Read Only Memory in the popular 24 pin, 
byte wide pinout. Synchronous circuit design techniques 
combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 


©: NCOCSB icin 6 es ciseao'n bier due ee we eae aes 100A 
© IC COP doce one takes anaes 20mA at1MHz On-chip address latches are provided, allowing easy 
interfacing with recent generation microprocessors that use 
e Fast Access Time. ..............2-2000: 120/200ns multiplexed addresss/data bus structures, such as the 8085. 
° Wide Operating ............0..00+ pec ioxizsce 09 CUPut enaine contin’ Doin active Jaw end active lig 
Temperature Range further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
e Industry Standard Pinout enable control. The data output latches allow the use of the 
HM-6642/883 in high speed pipelined architecture systems, 
* Single 5.0 Volt Supply and also in synchronous logic replacement functions. 
* CMOS/TTL Compatible Inputs Applications for the HM-6642/883 CMOS PROM include low 
e Field Programmable power handheid microprocessor based instrumentation and 
bina O comunications systems, remote data acquisition and 
ynchronous Operation processing systems, processor control store, and synchro- 
¢ On-Chip Address Latches nous logic replacement. 
¢ Separate Output Enable All bits are manufactured storing a logical “O” and can be 
selectively programmed for a logical “1” at any bit location. 
Pinouts 
HM1-664 RA P 4-664 
as i ee aap an shoe egal ee) PIN DESCRIPTION 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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* P should be hardwired to GND 
except during programming. 
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HM-6642/883 


Functional Diagram 
As 
AT 
- LATCHED 
ADDRESS 64 x 64 
AS REGISTER MATRIX 
A4 
A3 


A2 LATCHED 
REGISTER 
me aes 


DECODER 
Ft ttt yt ft 
r—> | 
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ALL LINES POSITIVE LOGIC -ACTIVE HIGH 
THREE STATE BUFFERS: 
AHIGH —> OUTPUT ACTIVE 
DATA LATCHES: 
LHIGH —> QsD 
Q LATCHES ON RISING EDGE OF E 
ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 
P SHOULD BE HARDWIRED TO GND EXCEPT 
DURING PROGRAMMING 


G3 qQao- OQ Q2 Q3 Q4 Q5 Q6 
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Specifications HM-6642/883 


Absolute Maximum Ratings Reliability Information 

Supply VOlage sciatica ies ce Hisense Sera ees +7.0V Thermal Resistance ................ Ga Bi 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 52°C/W 20°C/W 
Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 58°C/W 19°C/W 
Junction Temperature... 1.0.0... ee eee ee cee eee es +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)................506- +300°C Ceramic DIP Package ............ cece cece eee eee 0.96W 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP Ceramic LCC Package .......... cece cere cere eneee 0.86W 
ESD Classification ..... 0.0... ccc cece cece cece ee nees Class? Gate Count iacoks aves cdasa wines ease ha eaes 1680 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range ............. cee cece ence eens +4.5V Input Low Voltage .......... 0. ccc e ee eee eens -0.3V to +0.8V 
Operating Temperature Range................ -55°C to+125°C ~— Input High Voltage...... 2... eee ee ee eee 2.4 to VCC+0.3V 


TABLE 1. HM-6642/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


(NOTES 1, 4) GROUP A Sell= 
PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
High Level Output VOH | VCC =4.5V, “55°C < Tas +125°C | 2.4 V 
Voltage lO = -1.0mA 
Low Level Output VOL |VCC =4.5V, “55°C < Ta $ +125°C 0.4 V 
Voltage IO = +3.2mMA 


High Impedance 10Z |VCC =5.5V,G=5.5V, -55°C < Ty S$ +125°C 

Output Leakage VI/O = GND or VCC 

Current 

Input Leakage VCC = 5.5V, VI= GND or -55°C < Ta S$ +125°C pA 
Current VCC, P Not Tested 


inl : 
Standby Supply ICCSB- | VI=VCC or GND, 1,2,3 -55°C < Ta < +125°C pA 
Current VCC = 5.5V, lO = OmA 
Operating Supply ICCOP |VCC =5.5V, G = GND, -55°C < Ty < +125°C mA 
Current G = VCC, (Note 3), 
Device Guaranteed and 100% Tested 
LIMITS 
HM-6642B/| HM-6642/ 
(NOTES 1, 2, 4) SUB- 883 683 

PARAMETERS SYMBOL | CONDITIONS | GROUPS | TEMPERATURE | MIN | MAX| MIN | MAX| UNITS 

Address Access Time TAVQV | VCC =4.5Vand5.5V| 9, 10,11 | -55°C<T,<+125°C | - | 140{ - | 220 


Output Enable Access TGVQV | VCC = 4.5V and 5.5V Lae 55°C < Ty < +125°C ed 
Time 


[Adaress Soup Time | TAVEL _|VOO=48Vend58V| 9,10,11 | setOsT,sr125%> | 20 | - | 20_ 
retax[veo=4avendsav| 9,10,11 | ss'stcvia0 | 25 | — | 60 
TELEH[voo=45Vand58v] 8,10, 11 | 550s Ts+125%0 | 120| — | 200_ 

[Tenet |voo=asvand sav] 9,10,11 | -aostas +125" | 40 | — | 160. 

VCC = 4.5V and 5.5V| 9,10, 11 | -55°C <T,< +125°C | 160| - | 350 | 


1. All voltages referenced to VSS. 

2. A.C. measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1TTL 
equivalent load and CL = 50pF. 

3. Typical derating = 5mA/MHz increase in ICCOP. 

4. All tests performed with P hardwired to GND. 

5. Tested as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, IOH = -1mA, IOL = +1mA, VOH 2 1.5V, VOL < 1.5V. 


f = 1MHz,IO = OmA, 
Vi = VCC or GND 


Functional Test VCC = 4.5V (Note 5) 7, 8A, 8B 55°C < Ty $ +125°C 


TABLE 2. HM-6642/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
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TABLE 3. HM-6642/883 A.C. and D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
HM-6642B HM-6642 
1883 1883 
SYMBOL NOTES | TEMPERATURE | MIN | MAX | MIN | MAX 
CIN 


(NOTES 1, 2) 
CONDITIONS 


VCC = Open, f = 1MHz, 
All Measurements 
Reference Device 
Ground 


VCC = Open, f = 1MHz, 
Ail Measurements 
Reference Device 
Ground 


VCC = Open, f = 1MHz, 
All Measurements 
Reference Device 
Ground 


VCC = Open, f = 1MHz, 
All Measurements 
Reference Device 
Ground 


Output Enable TGVQX | VCC = 4.5V and 5.5V 2 -55°C < Ta S$ +125°C 
Time 
Output Disable TGXQZ_ | VCC = 4.5V and 5.5V -55°C < Ty $ +125°C 
Time | 
1. All tests performed with P hardwired to GND 


NOTES: 
2. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design changes which would affect these characteristics. 


3. Applies to 0.600 inch Ceramic Dual-In-Line (DIP) device types only. 
4. Applies to 0.300 inch Ceramic Dual-in-Line (DIP) device types only. 
5. Applies to Ceramic Leadless Chip Carrier (LCC) device types only. 


PARAMETERS 


Input Capacitance 


/O Capacitance 


TABLE 4. APPLICABLE SUBGROUPS 


a 
a 
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Switching Waveform 


READ CYCLE 
TAVQV 
TAVEL TELAX TAVEL 
S55 BOGD ( app vaLiD » BER RK KKH NEXT ADD 
FR AOD VALID R505 
—— TEHEL 
E 
TELQV 
SS ROK DATAVALIO 
DERN OOP DALE SAED 
ase TGVOX TGXOQZ 
eae y < TGVQV ras Uy 
: YIIINN WML 
V- VIINNN V 
TIME 
REFERENCE 
-1 0 1 2 3 456 
* G has the same timing as G except signal is inverted. 
Test Load Circuit 
DuT © 
(t) ton 
* TEST HEAD 
CAPACITANCE, 
peta eA ares EQUIVALENT CIRCUIT 


° 
OS OOO SHES OOS RODEO DOPOREEESSEEEHEOSOSOLOTHPEOECEHHSCOEEDEHEOECORO ETOH HEOUREUSOE DOORS AGEODD 
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Burn-In Circuits 
HM-6642/883 (0.300 INCH) CERAMIC DIP 


Fe © 1 
F7 c | 2 
Fé © [3 | 
F5 ¢ ri 
F4q a 
F3 < G 
F2 © 
Fic ra] 
2.4K rs 
VCC /2 
12 

V 

NOTES: 


FO = 100kHz + 10% 


All Resistors = 47kQ, 
Unless Otherwise Noted 


VCC = 5.5V + 0.5V 
VIL = 4.5V + 10% 
C =0.01pF Min. 


< 
00 
© 
a 
ui 
ra) 
&. 
to. 
eo 
Te 
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HM-6642/883 


vcc 

c 
24) F10 
23] > F9 F9 
22| o F10 F8 
D1 > Fil F7 
20) o Fi2 F6 
19 © FO FS 
18] © GND F4 
| 2.4K 
17| F3 


He 


HM-6642/883 CERAMIC LCC 


8 ° 
2k Pe > 2c 
e 
oO 
oO 
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NC [{10! 


R1 R2 ¥ 
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F114 


F12 
FO 


HM-6642/883 (0.600 INCH) CERAMIC DIP 


Cc 
24) vcc 
D3 F9 

22| F10 
21} Fi1 
20) F12 

Fo 

18] GND 
naan 
ed 

N15) vcc /2 
1 
aA 
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Metallization Topology 


DIE DIMENSIONS: 
136 x 168 x 19 + Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 15kA 


GLASSIVATION: 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold-Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.7.x 10° A/om? 


Metallization Mask Layout 


HM-6642/883 


HM-6642/883 


A6 


it 


oT eel 


A7 vec 


‘ve ee sol 


ree 
—_ 


6-252 


“=, 


i 
RES TENE EY Oe SS © a Te Ne CE 
DRA: SUNS CESS 2G bs ES NESE ete fe Oe Soe) We ee POCE rn 


oe eames mee ee ee eee, 
Y 


a CeO AEST: SO ae 


HM-6642/883 


Packaging 
24 PIN (0.300) CERAMIC DIP 
1240 LEAD FINISH: Type A 
ante _ | 4 Be MATERIALS: Compliant to MIL-M-38510 
le a eee COMPLIANT OUTLINE: 
ZL UU RLU RUPP MIL-STD-1835, GDIP3-T24 
we 150 MIN 300 
060 oa a 
125 098 MAX 008 * 1S 
180 oot | 100 015 
050" 
065 « INCREASE MAX LIMIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 


24 PIN (.600) CERAMIC DIP 
LEAD FINISH: Type A 


sage ee MATERIALS: Compliant to MIL-M-38510 
225 MAX COMPLIANT OUTLINE: 
= MIL-STD-1835, GDIP1-T24 
oe MIN 295. 
p6e 615 
125 098 MAX 008 * = 
180 Bis 


* INCREASE MAX UMIT BY O03 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


28 PAD CERAMIC LCC 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: 

MIL-STD-1835, CQCC1-N28 


NOTE: All Dimensions are — Dimensions are in inches 
ax 
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SEMICONDUCTOR 


HM-6617 


2K x 8 CMOS PROM 


rt 


January 1992 


Features 


Low Power Standby and Operating 
Power 


Description 


The HM-6617 is a 16,384 bit fuse link CMOS PROM in a 2K word by 8 bit/word 
format with “Three-State” outputs. This PROM is available in the standard 0.600 


A (01 - 100: _ inch wide 24 pin Ceramic DIP, the 0.300 inch wide slimline Ceramic DIP, and the 
- ICCOP ........... quQOMmAat ant: Sern nee ped Caren Te | 
The HM-6617 utilizes a synchronous design technique. This includes on-chip 
¢ Fast Access Time........... 90/120ns address latches and a separate output enable control which makes this device 
ideal for applications utilizing recent generation microprocessors. This design 
* industry Standard Pinout technique, combined with the Harris advanced self-aligned silicon gate CMOS 
¢ Single 5.0 Volt Supply process technology offers ultra-low standby current. Low ICCSB is ideal for 
CM Le ible | ‘ battery applications or other systems with low power requirements. 
* EMOTE Compalnieneuts The Harris NiCr fuse link technology is utilized on this and other Harris CMOS 
¢ High Output Drive ....12LSTTL Loads PROMs. This gives the user a PROM with permanent, stable storage character- 
istics over the full industrial and military temperature voltage ranges. NiCr fuse 
¢ Synchronous Operation technology combined with the low power characteristics of CMOS provides an 
* On-Chip Address Latches excellent alternative to standard bipolar PROMs or NMOS EPROMs. 
All bits are manufactured storing a logical “O” and can be selectivel 
¢ Separate Output Enable 9 9 y 


programmed for a logical “1” at any bit location. 


Ordering Information 


Ceramic DIP 
/883* 
SMD# 


/883* 


-40°C to +85°C HM1-6617B-9 HM1-6617-9 


-55°C to +125°C 


-40°C to +85°C HM6-6617B-9 HM6-6617-9 
-55°C to +125°C HM6-6617B/883 HM6-6617/883 


-40°C to +85°C HM4-6617B-9 HM4-6617-9 


-55°C to +125°C 


HM1-6617B/883 HM1-6617/883 
5962-8954002JA 5962-8954001JA 
5962-8954002LA 5962-8954001LA 


HM4-6617B/883 HM4-6617/883 
5962-8954002XA 5962-8954001 XA 


* Respective /883 specifications are included at the end of this data sheet. 


Pinouts 
24 LEAD DIP 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Sa5 
re) 


2299 Mz Olw> 
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32 LEAD LCC 
TOP VIEW 


[re] esenrnon 
ss 
a 
a 
mae 


Output Enable 
Output Enable 


* P Should be Hardwired to VCC Except 
During Programming. 
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HM-6617 


Functional Diagram 
MSB 
A10 © 
AQ oO 
LATCHED 
ped : ADDRESS pe. 
a REGISTER 
A ie 
AS e 
Vere ae 
LsB - 
i i= 
GATED COLUMN a 
E o-—<c DECODER AND DATA 
° ~ | oh ~ a e 
Go iD a! > as 
LATCHED ADDRESS 
ALL LINES POSITIVE LOGIC: ACTIVE HIGH REGISTER SS 
THREE-STATE BUFFERS: ae 
AHIGH —» OUTPUT ACTIVE wsB | | | | tse 
ADDRESS LATCHES AND GATED DECODERS: an? mre 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF G 
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HM-6617 


Background Information Programming 
Algorithm 


The HM-6617 CMOS PROM is manufactured with all bits 
containing a logical zero (output low). Any bit can be pro- 
grammed selectively to a logical one (output high) state by 
following the procedure shown below. To accomplish this, a 
programmer can be built that meets the specifications 
shown, or any of the approved commercial programmers 
can be used. 


PROGRAMMING SEQUENCE OF EVENTS 
1. Apply a voltage of VCC1 to VCC of the PROM. 


2. Read all fuse locations to verify that the PROM is blank 
(output low). 


3. Place the PROM in the initial state for programming: E = 
VIH, P = VIH, G = VIL. 


4. Apply the correct binary address for the word to be programmed. 
No inputs should be left open circuit. 


5. After a delay of td, apply voltage of VIL to E (pin 18) to access the 
addressed word. 


6. The address may be held through the cycle, but must be held val- 
id at least for a time equal to td after the falling edge of E. None 
of the inputs should be allowed to float to an invalid logic level. 


7. After a delay of td, disable the outputs by applying a voitage of 
VIH to G (pin 20). 


8. After a delay of td, apply voltage of VIL to P (pin 21). 


9. After delay of td, raise VCC (pin 24) to VCCPROG with arise time 
of tr. All outputs at VIH should track VCC with VCC-2.0V to 
VCC+0.3V. This could be accomplished by pulling outputs at 
VIH to VCC through pull-up resistors of value Rn. 


10. After a delay of td, pull the output which corresponds to the bit to 
be programmed to VIL. Only one bit should be programmed at a 
time. 


11. After a delay of tpw, allow the output to be pulled to VIH through 
pull-up resistor Rn. 


12. After a delay of td, reduce VCC (pin 24) to VCC1 with a fall time 
of tf. All outputs at VIH should track VCC with VCC-2.0V to 
VCC+0.3V. This could be accomplished by pulling outputs at 
VIH to VCC through pull-up resistors of value Rn. 


13. Apply a voltage of VIH to P (pin 21). 


14. After a delay of td, apply a voltage of VIL to G (pin 20). 


15. After a delay of td, examine the outputs for correct data. If any 
location verifies incorrectly, repeat steps 4 through 14 (attempt- 
ing to program only those bits in the word which verified incor- 
rectly) up to a maximum of eight attempts for a given word. Ifa 
word does not program within eight attempts, it should be con- 
sidered a programming reject. 


16. Repeat steps 3 through 15 for all other bits to be programmed in 
the PROM. 


POST-PROGRAMMING VERIFICATION 


17. Place the PROM in the post-programming verification 
mode: E = VIH, G = VIL, P = VIH, VCC (pin 24) = VCC1. 


18. Apply the correct binary address of the word to be veri- 
fied to the PROM. 


19. After a delay of td, apply a voltage of VIL to E (pin 18). 


20. After a delay of td, examine the outputs for correct data. 
If any location fails to verify correctly, the PROM should 
be considered a programming reject. 


21. Repeat steps 17 through 20 for all possible programming 
locations 


POST-PROGRAMMING READ 

22. Apply a voltage of VCC2 = 4.0V to VCC (pin 24). 

23. After a delay of td, apply a voltage of VIH to E (pin 18). 
24. Apply the correct binary address of the word to be read. 


25. After a delay of TAVEL, apply a voltage of VIL to E (pin 
18). 


26. After a delay of TELQV, examine the outputs for correct 
data. If any location fails to verify correctly, the PROM 
should be considered a programming reject. 


27. Repeat steps 23 through 26 for all address locations. 
28. Apply a voltage of VCC2 = 6.0V to VCC (pin 24). 
29. Repeat steps 23 through 26 for all address locations. 
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HM-6617 


Programming Cycle 
HM-6617 PROGRAMMING CYCLE 


PROGRAMMING ————»>: +» _________ VERIFY 


mi} 
= 
x 


a 
= 
x= 


| 


Vcc Vcc 


ty =p tw ca pa ty 


Q = Vin/VOH 


~~ 


HM-6617 POST PROGRAMMING VERIFY CYCLE 


a 
VIL x VALID —_ 
TAVEL TEHEL TEHEL 6 
fe 
Oo 
= 
= 
Y”) 
Oo 
= 
O 
Vcc 
Q 
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Specifications HM-6617 


Background Information HM-6617 Programming 
Programming Specifications 


es 
a OC 


VCC 1 Operating VCC 


voc2 Special Verify VCC (Note 3) | 40 
a 


[emoumcomeaneccveemos | 
a 


TA Ambient Temperature 


NOTES: ) 
1. All inputs must track VCC (pin 24) within these limits. 
. VCCPROG must be capable of supplying 500mA. 
. See Steps 22 through 29 of the Programming Algorithm. 
. See Step 11 of the Programming Algorithm. 
. All outputs should be pulled up to VCC through a resistor of value Rn. 
. Except during programming (See Programming Cycle Waveforms). 


ow, &® NY 
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Specifications HM-6617 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (All Voltages Reference to Device GND)..... +7.0V Thermal Resistance ................ Ba OX 

Input or Output VoltageApplied for All Grades ....... GND-0.3V to Ceramic DIP Package............. 48°C/W 9°C/W 
VCC+0.3V Ceramic LCC Package ............ 58°C/W 19°C/W 

Storage Temperature Range ................. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 

Junction Temperature... 2.22.2 cee ee eee +175°C Ceramic DIP Package ........... 00. cece eee e eee eees 1.0W 

Lead Temperature (Soldering 10s).................... +300°C Ceramic LCC Package ...........-. 2. cee eee ee eeee 0.86 W 

Typical Derating Factor............ 5mA/MHz Increase inICCOP Gate Count........... 0... cece eee eee ee eee 5473 Gates 

ESD Classification. 4sc0geant bs ede Ses cen sy eeenaies Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range....................-. +4.5V to +5.5V Operating Temperature Range: HM-6617-9, B-9 .. .-40°C to +85°C 


DC Electrical Specifications VCC = 5V +10%; (HM-6617B-9, HM-6617-9) 


fsyweot] PARAMETER | WIN | MAX [UNS]  TESTCONDITIONS 
[vit [Losicalzeroinputvotage +t 3 | 08 |v |vocray SCS 
[WORT [Logical One Outptvotage +24 | - | V |l0W=20ma voo=amv 
[voH2 [ogeal One OurputVotage Wote2) | vooro | | Vv |lOH=Tomavoo=45v 
[vor |togeal Zero Ouputvotage |__| 04 | Vv |lot=4emavoo=aav 
[i |inputteakags———SSSSCi CO || uA _|VIN= VCO GND, VOO=BBV 

Ta 

1a 


ICCSB_ | Standby Power Supply Current | 100 pA VIN = VCC or GND, VCC = 5.5V, lO =0 


CCOP_ | Operating Power Supply Current (Note 3) Pt et f= 1MHz, VCC = 5.5V, lO = 0, VIN = VCC or 


GND 
AC Electrical Specifications 


SYMBOL PARAMETER | MAX | UNITS 


es a 

Tin TavGY [Aasress AovossTine | [105 | - 

@ TeLav [ChpenabioAccess Tine {| 90 | | 120 

eo 
[20 


mA 


TEST CONDITIONS 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 2, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 1, 4) 
(Notes 2, 4) 
(Notes 2, 4) | 
(Notes 2, 4) 


T18) TGLGV [OutputAccessTime | 
10) TGLGX [OutputenabieTime «48 _| 
Output Disable Time fe Secs 
[2 TeHOZ [ChipEnable DisableTme | | 


Capacitance T, = +25°C 


SYMBOL PARAMETER 
Input Capacitance (Note 2) 
COUT Output Capacitance (Note2) 


NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent CL = 50pF (min) - for CL greater than 50pF, access time ts derated by 0.15ns per pF. 

2. Tested at initial design and after major design changes. 

. Typical derating 5mA/MHz increase in ICCOP. 

4. VCC = 4.5V and 5.5V. 


TEST CONDITIONS 
f = 1MHz, All Measurement are Referenced to Device GND 


f = 1MHz, All Measurement are Referenced to Device GND 


(o>) 
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HM-6617 


Switching Waveforms 
READ CYCLE 


(IANYYVVYYYYXY XY XYYY VAL DYAAAAAY VALID 
ADDRESSES ¢ LEY SAAR NAAR nnnn nanan ADBRESSES 


| TAVEL TELEL = 
l e- (4) > TELAX = (5) (8) | 
TELEH —————_____+ | 3.0V 
a 1.5V 1.5V (6) | 1.5V 1.5V 
ES | ] ov 
be— TEHEL ep TELQV, ——____—_»} —| | TEHOZ 
(7) | Bias = | {12) 
= TGLOV 3.0V 
l 1.5V (9) l 15V | 
| | | | ov 
| (10) T6Lax —Hy — | | oy! 
| (3) | | —={ TGHOZ = 
DATA bh TELOX ——H{ pee 
fh , VALID 
ee Oy DATA Ts 
Test Circuit 
DUT ¢ 
GB 1OL 
* TEST HEAD 
CAPACITANCE 


EQUIVALENT CIRCUIT 


° 
COOH PCER SCOT ESET ESTOS ES EEREO EOS ES OSEREEATSEOHECESHEEOE ESOS OH OSERSSEOUSSECOHREEEETESSHUOES 
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FARRIS 


SEMICONDUCTOR 


ao HM-661 7/883 


January 1992 2K x 8 CMOS PROM 
Features Pinouts 
¢ This Circuit is Processed in Accordance to Mil-Std-883 and is Fully Confor- HM1-6617/883 (CERAMIC DIP) 
mant Under the Provisions of Paragraph 1.2.1. TOP VIEW 


Low Power Standby and Operating Power 


@ ICCSB availabe wuts waveaieuad 2a wears eeteen eveb.ee meetin 100mA 
* ICCOP ecco cit aie w ia aine eRe Wea ew ere as eees 20mA at 1MHz 
©. Fast ACCOSS TING ine eiiiiew iia eaten cede tua eae eowe se 90/120ns 
e industry Standard Pinout 
¢ Single 5.0 Volt Supply 
¢ CMOS/TTL Compatible Inputs 
© High Output Drive cocci cs dese c dee ecdisaeees eae 12 LSTTL Loads 


¢ Synchronous Operation 

On-Chip Address Latches 

¢ Separate Output Enable 

¢ Operating Temperature Range...............-...20-- -55°C to +125°C 


Description 


The HM-6617/883 is a 16,384 bit fuse link CMOS PROM in a 2K word by 8 bit/word 
format with “Three-State” outputs. This PROM is available in the standard 0.600 
inch wide 24 pin Ceramic DIP, the 0.300 inch wide slimline Ceramic DIP, and the 
JEDEC standard 32 pad Ceramic LCC. 


The HM-6617/883 utilizes a synchronous design technique. This includes on-chip 
address latches and a separate output enable control which makes this device ideal 
for applications utilizing recent generation microprocessors. This design technique, 
combined with the Harris advanced self-aligned silicon gate CMOS process tech- 
nology offers ultra-low standby current. Low ICCSB is ideal for battery applications 
or other systems with low power requirements. 


The Harris NiCr fuse link technology is utilized on this and other Harris CMOS 
PROMs. This gives the user a PROM with permanent, stable storage characteris- 
tics over the full industrial and military temperature voltage ranges. NiCr fuse tech- 
nology combined with the low power characteristics of CMOS provides an excellent 
alternative to standard bipolar PROMs or NUOS EPROMs. 


All bits are manufactured storing a logical “O” and can be selectively programmed 
for a logical “1” at any bit location. 


Functional Diagram 


128 x 128 
MATRIX 


RERCERE 


MN 


GATED COLU 
| DECODER AND DATA 
i | OUTPUT CONTROL 
iD are 
LATCHED ADDRESS 
REGISTER 
SB L 


A3 A2 At AO 


mi 


G ° 
ALL LINES POSITIVE LOGIC : ACTIVE HIGH 
THREE-STATE BUFFERS: M 
A HIGH OUTPUT ACTIVE 
ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF 
GATE ON FALLING EDGE OF 


RAGAN 


i 


a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


6-261 


TOP VIEW 


6 
> 
[ea 
fe} 
= 
uJ 
= 
vy) 
O 
= 
O 


[en | bESGRIPTION — 
[_E_[chipenatie 
[2 [Ratainpot 
ane 
La 


Output Enable 
Program Enable 


* P should be hardwired to VCC except 
during programming 


File Number 3016 


Srne: | EF. so 


Specifications HM-661 7/883 


Absolute Maximum Ratings Reliability Information 

SUPDIY VONAGC:s siosas sat ice ee iades et edaw ese ees teees +7.0V Thermal Resistance ................ Bia 8c 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Ceramic DIP Package............. 48°C/W °C/W 
Storage Temperature Range ................. -65°C to +150°C Ceramic LCC Package ............ 58°C/W 19°C/W 
Junction Temperature... 0... 0. ccc ec cece eee +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)............0ceeeeee +300°C Ceramic DIP Package ........... 2. cee cece e eee eees 1.0W 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP Ceramic LCC Package ........... ccc cece eee eeees 0.86 W 
ESD Classification say ac ach eo ea 4b oe ee ewe ees Class -Gate Count <. sacsc. si eh week ca sade ee eae Beers 5473 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.............e cece eee +4.5V to +5.5V = Input Low Voltage ........... cece cee eee eee -0.3V to +0.8V 
Operating Temperature Range................ -55°C to +125°C ~—s Input High Voltage..................006- +2.4V to VCC +0.3V 


TABLE 1. HM-6617/883 DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


(NOTES 1, 4) GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS 
High Level Output Voltage | VOH1 | VCC = 4.5V, lO =-2.0mA -5 
Low Level Output Voltage VOL VCC = 4.5V, IO = +4.8mA -55°C < TAs +125°C 


High Impedance Output VCC = 5.5V, G = 5.5V -55°C < TAS +125°C 

Leakage Current VI/O = GND or VCC 
VCC = 5.5V, VI = GND or -55°C < TA < +125°C 
VCC, P Not Tested 

Standby Supply Current ICCSB_ [| Vi= VCC or GND, -55°C < TA $ +125°C 
VCC = 5.5V, IO = OmA 


5°C < TAs +125°C 2.4 
-1.0 


Operating Supply Current | ICCOP | VCC =5.5V, G =GND, -55°C < TA S$ +125°C 
(Note 3), f = 1MHz, lO = 
OmA, VI = VCC or GND 


VCC = 4.5V (Note 6) 7, 8A, 8B -55°C < TAs +125°C 


TABLE 2. HM-6617/683 AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 
LIMITS LIMITS 
GROUP A H 17B/883 | HM-6617/883 
SUBGROUPS TEMPERATURE 


> 
Sc 
¢ 
-~ 
i ae 
@ 
2 
is) 
Qa 
® 
?) 
Cc 
= 
@ 
bm | 
- 


Functional Test FT 


! 


(NOTES 1, 2, 4) 


PARAMETERS CONDITIONS Min] MAX | ce 

esi Veniaal |" vale Waele lesioned UN Tao TE el Hal 
(Note 5) 

sell ad hl i ii El He Dl el 
Time 
[Chip Enable AccessTine| TELGV [VOO=asVandsev | 010,11 |ecstasvioso| - | 0 | - | 10 | re 
[Adcress SetupTime | TAVEL |VOGwasvandsav | 010,11 |sscstasvso| ws | - [20 | - | rm | 
[Adiress Ho Time | TELA [VOG=asVendsav | 010,11 |ascstasvrosc] co | - [os | - | ro 
[chip Enable Low wiath_| TELEX [VOC=45Vandssv | 21011 |sscstasviasc| os | - | wo] - | me 
[Chip Enable High Wiath_| TEHEL [vOC=<SVandssv | 910,11 |sscstacviaso| «| - | | - | m= 
[Read GycleTime | TELEL [vOC=asVendssv | 010,11 [as'csTacriaso| 16 | - | eo] - | ro _ 
NOTES: 


1. All voltages referenced to Device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1TTL equivalent 
load and CL = 50pF. 


- Typical derating = 5mMA/MHz increase in ICCOP. 

. All tests performed with P hardwired to VCC. 

. TAVQV = TELQV + TAVEL 

. Tested as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, IOH = -imA, IOL = +1mA, VOH 2 1.5V, VOL ¢ 1.5V. 


Oo o ff & 
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VO Capacitance CVO {VCC = Open, f = 1MHz, All 
Measurements Referenced to 
Device GND 
VCC = Open, f = 1MHz, All 
Measurements Referenced to 
Device GND 


ae 
eae 
fare 
ia 


PARAMETERS SYMBOL 
Input Capacitance CIN | VCC = Open, f = 1MHz, All +25°C 10 
Measurements Referenced to 
Device GND 


Output Enable Time TGLQX | VCC = 4.5V and 5.5V 
Chip Disable Time TEHQZ | VCC = 4.5V and 5.5V 


Output Disable Time | TGHQZ | VCC =4.5V and 5.5V -55°C < TA S$ +125°C 
Output High Voltage | VOH2 | VCC =4.5V, IO = 100pA -55°C $ TAS +125°C | VCC- vcc- 
1V 1V 


Specifications HM-661 7/883 


TABLE 3. HM-6617/883 AC AND DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS LIMITS 
HM-6617B/883 | HM-6617/883 
ores | _tewpenarune [win | MAX | MIN | MAX 


(NOTES 1, 2) CONDITIONS 


Measurements Referenced to 
Device GND 


55°C < TAs +125°C 


55°C < TA < +125°C 


ea 
a CR 
oe 
aa 
ies 
as 


NOTES: 


1 


3. 
. Applies to .300 inch Ceramic Dual-in-Line (DIP) device types only. 
. Applies to Ceramic Leadiless Chip Carrier (LCC) device types only. 


. All tests performed with P hardwired to VCC. 
2. 


The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design changes which would affect these characteristics. 


Applies to .600 inch Ceramic Dual-in-Line (DIP) device types only. 


TABLE 4. APPLICABLE SUBGROUPS 


[conronmanceGrours | meTHoo | SUBGROUPS 
he 
EO 
Groupe 8D 
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HM-661 7/883 


Switching Waveforms 


READ CYCLE 
. ——— Tavay ——————» 
ARAAAN FORA AAA AAA AAAAAAAAAARAARANAY 3.0V 
iY : ALID 
ADDRESSES QW PY) RAMAN XANRAANAAANRNAARAA,_ ADDRESSES 
| taver ~——-++———_ TELE a 
| | TELAX /=#— | 
l _—___—_——_—_—————— TELEH ——__________+ | 3.0V 
= 1.5V 1.5V | 1.5V 1.5V 
| | | ov 
be— TEHEL —»}<_—____ TELOV —————___»> —| |«—— TEHOZ 
| | | 
€ — TGLOV 3.0V 
l 1.5V 7 15v0 | 
| | | | OV 
| TGLOX —» — | | | 
| | | —=| TGHOZ an 
DATA je—————- TELQX ———» ATED | 
hae ROK DATA Ts 
0-07 YY 


Test Circuit 


DUT ¢ 


* TEST HEAD 
CAPACITANCE 


EQUIVALENT CIRCUIT 


e 
° 
CE OCHOA HHTOOHHOEHEHTHHOHGOEOTHEROOOOHEHSHEORECORUSTESHGPOKOOHEDEOEOCEUEHOESARHEEHECHALEOEEY 
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HM-6617/883 


Burn-In Circuits 


HM-6617/883 (.300 INCH) CERAMIC DIP HM-6617/883 (.600 INCH) CERAMIC DIP 
vcc vcc 
a a 
=i {1 
5 £10 ‘ie 
0 VCC vcc 
© 112 . 
© 0 


Lak Lo veer 


HM-6617/883 CERAMIC LCC 
f10 vcc 
a Cc 
NC NC NC NC NC 
14 3323 131) 130 
{9 ° 
f8 
f7 
> 
{6 fe 
© 
f5 s 
Lu 
{4 7 
{3 ~”) 
Oo 
= 
vcc/2 O 


NOTES: 

fO = 100KHz + 10% 

All resistors = 47kQ Unless Otherwise Noted 
VCC = 5.5V + 0.05V 

C = 0.01 uF min. 
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HM-661 7/883 


Metallization Topology 


DIE DIMENSIONS: 
140 x 232 x 19 + 1Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 15kA 


GLASSIVATION: 
Thickness: 7kA + 9kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 
Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.7 x 10° A/em? 


Metallization Mask Layout 
HM-6617/883 


BIS Pig, Wate Mista te Hale Mats! Dp . yo ce ‘ 
PPC PEPE Eee eee eee a ery PEP EC POPUP COE rer errrreretiees 


HM-661 7/883 


Packaging 
24 PIN (0.300) CERAMIC DIP 
LEAD FINISH: Type A 


T2et nee MATERIALS: Compliant to MIL-M-38510 
1280 285 
a | Ls COMPLIANT OUTLINE: 
A —- MIL-STD-1835, GDIP3-T24 
| 150 MIN er) 
098 MAX 


180 e 100 015 
016 ee 


065 @ INCREASE MAX LIMIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


2 
a2 


24 PIN (.600) CERAMIC DIP 
LEAD FINISH: Type A 


Saas | 1270 | 518 ) MATERIALS: Compliant to MIL-M-38510 


COMPLIANT OUTLINE: 


225 MAX 
L aan MIL-STD-1835, GDIP1-T24 
O15 150 MIN 
060 
1 098 MAX 
” ost | Bs 
023 naaos 
065 * INCREASE MAX UMIT BY 003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
32 PAD CERAMIC LCC 


LEAD FINISH: Type A 
MATERIALS: Compliant to MIL-M-38510 
COMPLIANT OUTLINE: 

MIL-STD-1835, CQCC1-N32 


540 
560 


NOTE: All Dimensions are a Dimensions are in inches 
ax 
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CMOS MEMORY 


oe IM6654 


January 1992 4096 Bit CMOS UV EPROM 
Features Description 
© OrganizatlOn.. cscccecccesvevescwasas ccna 512x8 The Harris IM6654 is a fully decoded 4096 bit CMOS 
electrically programmable ROM (EPROM) fabricated with 
© LOW POWSH os vss ts esiee eddies a 770uW Max Standby Harris’ advanced CMOS processing technology. In all static 
e High Speed states this device exhibits the microwatt power dissipation 
- Access Time for IM6654-Al............ 300ns 10V___ typical of CMOS. Inputs and three-state outputs are TTL 


compatible and allow for direct interface with common 


- Access Time for IM6654-11 ............. 450ns 5V 
system bus structures. On-chip address registers and chip 
e Single Supply Operation................0eeeeee 5V __ select functions simplify system interfacing requirements. 
e UV Erasable The IM6654 is_ specifically designed for program 


development applications where rapid turn-around for 
program changes is required. The device may be erased by 
Three-State Outputs and Chip Select for Easy System exposing its transparent lid to ultra-violet light, and then 
Expansion reprogrammed. 


e Synchronous Operation for Low Power Dissipation 


Ordering Information 


Ceramic DIP -40°C to +85°C IM66541JG _—*|:« IM6654A1NG 
-55°C to+125°C IM6654MJG IM6654AMJG 


Pinout Block Diagram 
24 LEAD DIP PROGRAM 
TOP VIEW A0-A8, E2 VDD 7 


ApprREss | 
LATCH | 


9 VCC 


mi wl 
X-DECODER 


< 
Oo 
oO 
OUTPUT BUFFER 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 8015 
Copyright © Harris Corporation 1992 6-268 


IM6654 


Program Mode Operation 


Initially, all 4096 bits of the EPROM are in the logic one (out- 
put high) state. Selective programming of proper bit loca- 
tions to “O”s is performed electrically. 


In the PROGRAM mode for all EPROMs, VCC and VDD are 
tied together to a +5V operating supply. High logic levels at 
all of the appropriate chip inputs and outputs must be set at 
VDD -2V minimum. Low logic levels must be set at VSS 
+0.8V maximum. Addressing of the desired location in PRO- 
GRAM mode is done as in the READ mode. Address and 
data lines are set at the desired logic levels, and PROGRAM 
and chip select (S) pins are set high. The address is latched 
by the downward edge on the strobe line (E1)). During valid 
DATA IN time, the PROGRAM pin is pulsed from VDD to - 
40V. This pulse initiates the programming of the device to 
the levels set on the data outputs. Duty cycle limitations are 
specified from chip heat dissipation considerations. PULSE 
RISE AND FALL TIMES MUST NOT BE FASTER THAN 
SLs. 


Intelligent programmer equipment with successive READ/ 
PROGRAM/VERIFY sequences is recommended. 


Programming System Characteristics 


1. During programming the power supply should be capable 
of limiting peak instantaneous current to 100mA. 


2. The programming pin is driven from VDD to -40 volts 
(42V) by pulses of 20 milliseconds duration. These puls- 
es should be applied in the sequence shown in the flow 
chart. Pulse rise and fall times of 10 microseconds are 
recommended. Note that any individual location may be 
programmed at any time. 


3. Addresses and data should be presented to the device 
within the recommended setup/hold time and high/low 
logic level margins. Both “A” (10V) and non “A” EPROMs 
are programmed at VCC, VDD of 5V +5%. 


4. Programming is to be done at room temperature. 
Erasing Procedure 


The IM6654 is erased by exposure to high intensity short- 
wave ultraviolet light at a wavelength of 2537A. The recom- 
mended integrated dose (i.e., UV intensity x exposure time) 
is 10W sec/cm?. The lamps should be used without short- 
wave filters, and the IM6654 to be erased should be placed 
about one inch away from the lamp tubes. For best results it 
is recommended that the device remain inactive for 5 min- 
utes after erasure, before reprogramming. 


The erasing effect of UV light is cumulative. Care should be 
taken to protect EPROMs from exposure to direct sunlight or 
fluorescent lamps radiating UV light in the 2000A to 4000A 
range. 
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CMOS MEMORY 


Programming Flow Chart 


PROGRAMMING 
nwo COMPLETE 
VES fF REVERIFY ALL 
LOCATIONS 


PROGRAM SAME 


READVERIFY 


Yes NO 
PROGRAMMED? 


IM6654 


POWER DOWN 
ALL INPUTS, 


Vin = Veo = GNO 


POWER UP Vec 
TO APPROPRIATE 
VOLTAGE 


REAO THROUGH 
ALL AOORESSES 
TO VERIFY ALL 
1'$ (ERASED) AT SV 


LOCATION 
TO 8€ 
PROGRAMMED 


SET LEVELS ON 
Q OATA LINES 


PROGRAM 20 ms 


REAPPLY 
AOORESS 


PROGRAMMED? 


PROGRAM 
SAME LOCATION 
8 MORE TIMES 


NO 


PROGRAM 20 me 


NO 
PROGRAMMED? S 


Specifications IM6654 


DC Characteristics for Programming Operation VCC = VDD = 5V 5% VSS = OV, T, = +25°C 


SYMBOL PARAMETER TEST CONDITIONS 
Program Pin Load Current 
VPROG Programming Pulse Amplitude 
L 


VIHA Address input High Voltage fe tl VDD-2.0 


Address Input Low Voltage 
Data Input High Voltage 
Data Input Low Voitage 


a Ce 
ove [omen 
rox [ome 
a 
a 

poh! 

en: 


TAVE1L Address Setup Time 
TE1LE1X Address Hoid Time 
TE1LQV Access Time 


Pin Description 


iS) Negative Supply 


Program 


12 
19 
4 


VSS 
VDD 
CC 


2 
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Read and Program Cycle Timing 


_—_—_e —————— TE, HEL 


DATA Sioa Pies SORRY DATA OUT 


be TPLPH -o! 


if a 
| 


REAO a See PROGRAM ee es READ ———— > 


Read Mode Operation Read Cycle Timing 

In a typical READ operation address lines and chip enable “ta TELE,» 
E2 are latched by the falling edge of chip enable E1 (T=0). TEsHEyL TE,LQV 

Valid data appears at the outputs one access time (TELQV) ie 


later, provided level-sensitive chip select line S is low (T=3). 
Data remains valid until either E1 or S returns to a high level 
(T=4). Outputs are then forced to a high-Z state. 


TE,VEyL 


Q' 


Address lines and E2 must be valid one setup time before 
(TAVEL), and one hold time after (TELAX), the falling edge 
of E1 starting the read cycle. Before becoming valid, Q out- 
put lines become active (T=2). The Q output lines return to a 
high-Z state one output disable time (TE1HQZ) after any 
rising edge on E1 or S. 


m 


al 


The program line remains high throughout the READ cycle. 9 outputs EEE 

Chip enable line E1 must remain high one minimum positive PROGRAM | | = 

pulse width (TEHEL) before the next cycle can begin. we 
FUNCTION TABLE 


INPUTS OUTPUTS 


Lose Cycle Begins; Addresses, E2 Latched 


Cycle Ends (Same as -1) 
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Specifications INI6654 


Absolute Maximum Ratings (IM6654 |, -1!, M) 


Supply Voltages 
VOD = VSS tiesic des tad ies Beas wes eee eas ABOV 
VOC eVSS ahcnycach ee ite haar eRe mvies Seewet Gabe +8.0V 
Input or Output Voltage................. VSS-0.3V to VDD+0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Lead Temperature (Soldering 10s).............2.000e +300°C 


Operating Temperature Range (Ta) 
INOUStIAl <i occes ear ee ea asesaresranaes -40°C to +85°C 
MURAI ca eine cea eee Gath nan es oaceew.d ese -55°C to +125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Characteristics VCC = VDD = 5V +10% VSS = OV, T, = Operating Temperature Range 


SYMBOL PARAMETER 
VIH 


Logical “1” Input Voltage 


VIL Logical “O” Input Voltage 
Input Leakage 


VOH Logical “1” Output Voltage 


Logical “O” Output Voltage 


[co | ceumesenycomnt 


NOTE: 1. For design reference only, not 100% tested. 


AC Electrical Characteristics VCC = VDD = 5V 110% VSS = OV, CL = 50pF, T, = Operating Temperature Range 


E1 Pulse Width (Positive) 


TE1LE1H | E1 Pulse Width (Negative) 


TEST CONDITIONS 


Address Pins 


GND < VIN < VDD 
IOH = -0.2mA 
IOL = 2.0mA 
GND < VO < VCC 
VIN = VDD 


VIN = VDD 
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Specifications IM6654 


Absolute Maximum Ratings (iM6654AI, AM) 


Supply Voltages Operating Temperature Range (T,) 
VDD CVSS 3.336 nines ko ebune etaee Saas mae ee uamee +11.0V WNGUSIM AN 35% 50255 aise ata cienks A Grareul nein d woe aia -40°C to +85°C 
VOC EVSS Sosa t secaanerSsaeu tiene were eoreins +11.0V MiNMANY Sa vatee eke aS aes et eae acs -55°C to +125°C 
Input or Output Voltage................. VSS-0.3V to VDD+0.3V 
Storage Temperature Range ...............6. -65°C to +150°C 
Lead Temperature (Soldering 10S)...............0000: +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Characteristics VCC = VDD = 4.5V to 10.5V VSS = OV, T, = Operating Temperature Range 


SYMBOL PARAMETER 


pvt | Logical “O” Input Voltage 


Logical “1” Input Voltage 


a 2 
: 
; 


input Leakage 
Vv 
V 


Fd 
a 
a 
[eo [omc Pe 


NOTE: 1. For design reference only, not 100% tested. 


UNITS 


~“ 
>) 


N 
So 


AC Electrical Characteristics VCC = VDD = 5V+10% VSS = OV, CL = 50pF, T, = Operating Temperature Range 
SYMBOL PARAMETER | MIN | MAX | 
[ee 
= 
— 
=| 
a EE 
= | 
a Ca 
a ee 


io) 


TE1LE2X | Chip Enable Hold Time 
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Using IM6654 CMOS EPROM to Extend Program Memory 
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82C52 PROGRAMMABLE UART 


Introduction 


The 82C52 CMOS Programmable UART can be utilized for 
serial communications at data rates from DC to 1M baud 
using clock speeds in the range of 0-16MHz. In addition, the 
device provides an internal baud rate generator. 


In the following discussion, we will look at the functional 
capabilities of the 82C52, and give information on how the 
device can be programmed. The following topics will be 
discussed: 


(1) Glossary of communications terms 
(2) Control registers 

(3) Status registers 

(4) Transmit/Receive Buffer Registers 
(5) 1/O Addressing methods 

(6) Reset of the 82C52 

(7) Programming the 82C52 


1.0 Glossary of Data Communication 
Terms 


1.1 Clear to Send (CTS): 


Clear-to-send is an input signal to the 82C52. It is provided 
by the device with which the 82C52 is communicating, such 
as a modem. When this signal is in its active state (active 
low), the 82C52 is being told that the modem will accept data 
sent to it from the 82C52 Serial Data Out (SDO) pin. 


The CTS signal is specified in the RS-232C protocol and is 
used in conjunction with the Request to Send (RTS) signal. 
This signal is used mainly in half-duplex systems. In a half- 
duplex system communications can be performed in both 
directions, but in only one direction at a time. 


To illustrate this: Suppose we are using the 82C52 to com- 
municate over an RS-232C link to a modem. In half-duplex 
operation the UART tells the modem that it wishes to trans- 
mit a character by putting RTS into its active state (active low 
for the 82C52). The modem, if_ready for the data, will 
respond by driving the 82C52’s CTS line to its active state 
(low). When the 82C52 recognizes this, it will then begin 
data transmission. 


1.2 Data Set Ready (DSR): 


This is also an input signal to the 82C52. When in its active 
state, it signifies that the device with which it is to communi- 
cate is powered on and ready for communications. When 
using a modem, an active state for this signal indicates that 
the modem is also connected to a communications line (is 
on line). 


1.3 Data Terminal Ready (DTR): 


This is an output signal generated by the 82C52. Its purpose 
is to inform the target (i.e. modem) that it is ready for 
communications. 


1.4 Framing Error: 


Each time the 82C52 receives a character of data, it will 
check for 3 types of errors: (1) Parity error, (2) Framing error, 
and (3) Overrun error. 


When reading characters through the Serial Data In (SDI) 
pin, the 82C52 will first encounter a start bit. This start bit is 
a logical zero, and is detected by the first falling edge of the 
signal on SDI. Next, the 82C52 will see a specified number 
of data bits followed by the parity bit. The parity bit is 
checked for a parity error (see 1.8 and 1.9). The stop bits are 
then checked for a framing error. 


A framing error occurs when an incorrect stop bit is found, or 
if there are too few stop bits. This happens most often when 
the baud rates between the communicating devices differ. 
The data will have a tendency to become skewed. For infor- 
mation on this skewing problem, see 1.10. 


1.5 Interrupt Driven V/O: 


This is a method of handling interaction between a CPU and 
an I/O device. In this scheme, the I/O device will issue an 
interrupt to the CPU when it requires attention. 


With the 82C52, an interrupt might occur when (1) the device 
receives a character on its SDI pin, (2) the device completes 
transmission of a character, (3) an error is found in a 
received character, or (4) a change was detected in one of 
the modem control lines. 


After the interrupt is recognized by the CPU, it (the CPU) will 
go to the corresponding Interrupt Service Routine(ISR). This 
routine decides how the interrupt should be serviced, and 
then services it. Upon completion of the ISR, execution of 
the user’s software will resume at the point where the inter- 
rupt occurred. 


1.6 VO Polling: 


A second method for handling interaction between a CPU 
and an I/O device. Rather than waiting for an I/O device to 
interrupt the CPU, the software assumes the responsibility of 
checking to see if an I/O device needs servicing. 


When the system software needs to output to the 82C52, it 
will poll (look at) the device to see if it is ready to accept 
data. Similarly, in order to receive data from the 82C52, the 
software will poll to see if there is any data waiting to be read 
in. Once read, the software must test the status of the 82C52 
to see if any errors were detected in the data received. The 
software must also look for status changes in the modem 
control lines. 
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1.7 Overrun Error: 


With the 82C52, data is received on the SDI pin. From there 
it is shifted serially into the Receiver Register. Once in this 
register, it will be shifted (in parallel) into the Receive Buffer 
Register (RBR) should this register be empty. Should it not 
be empty, the data cannot be shifted into the RBR. However, 
subsequent data coming in on the SDI pin will be shifted into 
the Receiver Register, overwriting the data already there. 
This causes the 82C52 to flag an overrun error. 


To clear the RBR, data must be read from it by the CPU.This 
data must be read faster than the data is being received on 
SDI and written to the Receiver Register. In most cases, this 
problem must be dealt with in software: (1) Either the 
receive data routine must be optimized for better perfor- 
mance, or (2) The baud rate must be lowered to compensate 
for the data loss. 


1.8 Parity: 


Parity is a form of error detection commonly used in serial 
communications. In parity checking, the sending device gen- 
erates and sends an extra bit with each character transmit- 
ted. The state of this bit (O or 1) is determined by (1) the 
number of 1 bits in the character transmitted, and (2) by 
whether parity was defined to be even or odd. 


With even parity, the parity bit is generated such that the 
number of one’ bits in the character (including the parity bit) 
is an even number. For example, if a word has 5 bits that are 
ones, the parity bit must be set to a one so that the total 
number of ‘one’ bits is an even number. If a character being 
sent has 6 bits set to a one, the parity bit will be zero.This 
still gives an even number of one bits in the character. 


Conversely, in odd parity, the parity bit is generated such that 
the total number of 1 bits (including the parity bit) is an odd 
number. For a character having 5 one bits, the parity bit gen- 
erated is a zero. For a character having 6 one bits, the parity 
bit is set to one 


(ODD) 


(EVEN) 
CHARACTER SENT PARITY BIT PARITY BIT 
a 


FIGURE 1. PARITY 


1.9 Parity Error: 


This is caused by an invalid parity bit being detected in a 
character received. The condition occurs when (A) even par- 
ity is specified and an odd number of ‘one’ bits are detected 
in the character, or (B) odd parity is specified and an even 
number of ‘one’ bits are detected. 


For example, if the character 6EH (01101110 b) is received 
by the device, and the parity bit read in is a 1, a parity error 
would be flagged if parity was defined to be ODD. Should 
parity be set to EVEN and the parity bit is a 1 for this same 
character, a parity error will not be flagged. 


1.10 Percentage Error in Baud Rate Generation: 


When exchanging data between two systems through serial 
links (i.e. RS-232C) it is important that the baud rates of the 
two systems be as equal as possible. Roughly speaking, 
these baud rates should not differ by more than 2%. For 
example, if system X is using an 82C52 to generate 1200 
bits per second (bps), and system Y with which it is commu- 
nicating is generating 1244bps, there is a 3.67% difference 
in the baud rates. Errors may occur when data is received by 
system X. 


The 82C52 samples the data being received on the SDI pin 
beginning from when the receiver detects a start bit. This is 
denoted by a high-to-low transition on the SDI pin.Based on 
the specified baud rate, the 82C52 will count and sample 
such that each bit is read at the center of a bit period. 
Figure 2 shows a character generated at 1200bps, and sam- 
pled for 10 bit periods (SO - S10). The character is 1B Hex 
with even parity. 


(A) 
>1200bps 
START STOP 
DA j 
aig ae TA BITS BIT(S) 
1200bps 
<1200bps 
$0 S1 $2 $3 $4 $5 S6 $7 $8 $9 $10 
eee, SARE 


START BIT 
DETECTED HERE 


FIGURE 2. PERCENTAGE ERROR 
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Assume that system X is configured to transmit and receive 
at 1200bps. The system we are communicating with is run- 
ning slightly faster as stated above (1244bps). Our sampling 
rate will still be based upon 1200bps, but the sampling of the 
incoming signal will be off by a short time period. With each 
sample this error accumulates. Thus, the skewing to the right 
becomes greater over time. By the time we normally would 
be sampling the parity bit (S9), the stop bit(s) would be com- 
ing in over the SDI pin (see Figure 2A). In this case, the 
82C52 thinks it is sampling the parity bit when in fact, what it 
is seeing is really the stop bit. This could cause a parity error 
to be flagged. 


Conversely, if data is being received at a baud rate slightly 
less than our specified baud rate, we would get a skewing of 
the received data in the opposite direction. From Figure 2C, 
we see that at S10 we are checking the stop bit, but system 
Y is still transmitting the parity bit. Therefore, the Framing 
error will be flagged. 


1.11 Request To Send (RTS): 


This signal is an output of the 82C52. It is used to inform a 
modem or remote system that it wishes to transmit data. The 
modem (remote system) would then respond by activating 
the CTS signal. As with the CTS, this signal is of most value 
in half-duplex communications. 


2.0 Control Registers 


In order for the 82C52 to properly operate in a system, it 
must be configured for the desired form of operation. The 
user must decide how the device will be used in the system, 
and know the communications protocol of the device it will 
be communicating with. For example, in a system communi- 
cating with a modem we would need to utilize the modem 
control lines. When using the 82CS52 in a local area network 
these modem control lines may be of no use to us. 


The 82C82 is initialized and configured by writing a series of 
control words from the CPU to various control registers in 
the device. These registers include the UART Control Regis- 
ter (UCR), the Baud Rate Selector Register(BRSR), and the 
Modem Control Register (MCR). 


UCR: Defines the format of characters being transmitted. 
The format of the characters includes the number of 
data bits, parity control, and the number of stop bits. 


BRSR: Used in setting up the internal baud rate generator in 
the 82C52 for a specific baud rate. It will also be 
used to specify what the CO output is to be. 


MCR: Defines which interrupts will be enabled, and will 
also set the modem control output lines (RTS and 
DTR). In addition, the MCR allows the user to select 
one of four modes of communications (normal mode, 


echo mode, transmit break, and loop test mode). 
2.1 UART Control Register 


The UART Control Register (UCR) is a write-only register. 
Writing a command word to the UCR configures the trans- 
mission and reception circuitry of the 82C52. The command 
word essentially describes the format of characters that are 


to be transmitted or received. The format of these characters 
are made up of (1) a specific word length, (2) parity informa- 
tion, and (3) a selected number of stop bits, used to indicate 
transmission of that character is completed. 


STOPBIT 0=1STOPBIT 

SELECT 1 = 1.5STOPBITS (Ty) AND 
1 STOP BIT (Ry) IF 5 DATA 
BITS SELECTED 


000 = Tx AND Rx EVEN 

001 = Tx AND Rx ODD 

010 = Ty EVEN, Rx ODD 

011 = Ty ODD, Rx EVEN 

100 = Tx EVEN, Rx CHECK 
DISABLED 

101 = Ty ODD, Rx CHECK 
DISABLED 

11X = GENERATION AND 
CHECK DISABLED 


00=5 BITS 
01=6BITS 
10=7BITS 
11=8BITS 


SET TO 00 FOR FUTURE 
PRODUCT UPGRADE 
COMPATIBILITY 


FIGURE 3. UCR FORMAT 


DO — Stop Bit Select. This bit is used to select the number 
of stop bits that the 82C52 will insert into a character to be 
transmitted, and the number to look for in received charac- 
ters. The stop bit(s) denote where the end of a character 
occurs. The external device must be configured with the 
same number of stop bits as the 82C52. The setting(s) for 
this bit are as follows: 


PARITY 
CONTROL 


WORK 
LENGTH 
SELECT 


RESERVED 


0 — If this bit is set to zero, then a single stop bit will be gen- 
erated and checked for. 


1 ~ Setting this bit to a one will cause either of two configura- 
tions. If we select a character length of 5 data bits, the 
82C52 will generate 1.5 stop bits during transmission, 
and will look for a single stop bit when receiving data. Ifa 
character length of 6, 7, or 8 data bits is selected, then 
two (2) stop bits will be generated and checked for. 


D3, D2 and D1 — Parity Control. These three bits are used 
to control the generation and checking of the parity bit. The 
82C52 can be configured to perform this function one of 
seven ways. These are: 


Even parity is generated for transmitting data, and 


000 — 
will be checked for when receiving data. 

001-—- Odd parity is generated for transmitting data, and 
checked for during data reception. 

010— Even parity is generated for data transmission, and 
odd parity will be checked for during data reception. 

011-— Odd parity is generated for data transmission, and 
even parity will be checked for during data reception. 

100- Even parity is generated for data transmission, how- 


ever, the 82C52 will do no parity checking on data 
that has been received. 
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101-— Odd parity is generated for data transmission. The 
82C52 will not check parity on data received. 


11X— The generation of a parity bit is disabled. Also, the 
82C52 will not check for parity on incoming data. D1 
is not used therefore, it can be either a O ora 1. 


TABLE 1. PARITY SELECTION 


ae TRANSMITTER RECEIVER 


ee 
ee 
ee oe 
ee 
[eaves [te 


D5, D4 — Word Length Select. The state of these bits deter- 
mines the number of bits that are transmitted as a data word. 
The word length can be 5, 6, 7, or 8 bits long. 


TABLE 2. WORD LENGTH SELECTION 


D7, D6 — Reserved. These bits have been reserved for 
future product upgrade compatibility. To insure that the future 
upgrades of the 82C52 will operate with existing software, 
these bits must both be set to zero (00). 


2.2 Baud Rate Select Register 


The Baud Rate Select Register (BRSR) is a write-only regis- 
ter used to set the internal 82C52 baud rate generator to the 
desired data transfer rate. Essentially, this baud rate will 
depend upon the clock speed of the crystal being used with 
the device. However, to provide more flexibility, the 82C52 
provides two separate counters for selecting a divide ratio to 
fit the user’s needs. 


These two counters are the Prescaler, and the Divisor 
select. The Prescaler allows the input clock rate to be 
divided by one of four values: 1, 3, 4, and 5. This new data 
rate can then be further divided by using the values available 


with the Divisor select. This final clock speed will be 16 times 
the actual baud rate used by the 82C52. 


The 16X clock speed can be output to the CO pin of the 
device through the CO Seiect function of the BRSR. If CO 
select is not selected, the output of the CO pin will reflect the 
crystal frequency input by the part on the IX pin. Note, this 
output (CO) is a buffered version of the IX input or 16X baud 
rate 


PRESCALER 
SELECT 


00 =+ 1 
01=+3 
10=+4 
11=+5 


DIVISOR 
SELECT 


00000 = +2 
00001 =+4 
00010 = + 16/3 
00011=+8 
00100 = + 32/3 
00101 =+ 16 
00110 =+ 58/3 
00111=+ 22 
01000 = + 32 
01001 = + 64 
01010 =+ 128 
01011 =~+ 192 
01100 = + 256 
, 01101 =+ 288 
01110 =+ 352 
01111=+512 
10000 = + 768 
11111 =+ EXTERNAL (+ 1) 


COSELECT 0=l, OUTPUT 


1 = BRG OUTPUT 
FIGURE 4. BRSR FORMAT 


D1 and DO — Prescaler Select. This allows the user to 
choose one of four values that the input clock frequency (IX) 
will be divided by. 


TABLE 3. PRESCALER SELECTION 
Ce. 
DIVISOR 
Le ee ee 
oe Ge Se 
ae 
San Se Se aS 


D6, D5, D4, D3, and D2 — Divisor Select. The state of these 
bits determines the value of the Divisor select. The possible 
values are as follows in Table 4: 
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TABLE 4. DIVISOR SELECTION 


By using a crystal or external frequency with one of the com- 
mon crystal frequencies (1.8432MHz, 2.4576MHz, or 
3.072MHz) and a prescaler of divide by 3, 4, or 5 respec- 
tively, standard baud rates can easily be generated by 
selecting the Divisor as shown in Table 5 below: 


TABLE 5. STANDARD DIVISORS 


BAUD RATE 


Ee 


9600 
7200 
4800 


NOTE: All baud rates are exact except for: 


TABLE 6. PERCENT DIFFERENTIAL 


ee 
ee eC 
EC 


To illustrate how a baud rate can be determined, let us look 
at the following example: 


EXAMPLE 2.1: 


Assume that we are using a clock frequency of 2.4576MHz 
with the 82C52, and we wish to configure the device to run at 
a baud rate of 9600 bits per second (bps). First, select a 
prescaler of divide-by-four. Therefore, bits D1 and DO will be 
set to 1 and 0. This will give an effective clock frequency of 
614,400Hz. 


Next, look at Table 5 to determine which divisor is needed to 
generate 9600 bps. The divisor is four (4). Bits 6 through 2 
will be set to 0 0 0 0 and 1. The 614,400Hz clock has then 
been divided by 4 to give the appropriate 16X clock, which is 
153,600HZ (16 x 9600). 


To determine what the actual baud rate is, take 153,600HzZ 
and divide it by 16. This will give us our 9600 bits per second 
(bps). A 16X clock rate is required by the internal circuitry of 
the 82C52. That is why the prescaler and divisor are 
selected to yield a clock rate that is 16 times the desired 
baud rate. 


Finally, set the CO Select bit to 1 so that the CO output will 
be the same as the BRG output. This is the 16X frequency 
calculated above (153,600Hz). 


The command word written to the BRSR will be: 
10000110 or 86 Hex 


D7 — CO Select. This tells the 82C52 what the source will be 
for the output pin CO. 


0 — The output on CO will be a buffered version of the clock 
input (IX) to the device. The frequency of this signal will 
be the actual crystal frequency (or external frequency) 
used to run the 82C52. 


1 — The output of CO will be a buffered version of a clock 
rate that is 16 times the actual baud rate generated by 
the 82C52. This signal is suitable for driving a second 
82C52 or UART in a system. 


2.3 Modem Control Register 


The Modem Control Register (MCR) is a general purpose 
register controlling various operation parameters within the 
device. These parameters include: (1) setting modem control 
lines RTS and DTR, (2) Enabling the interrupt structure of 
the device, (3) enabling the receiver on the device, and (4) 
selecting one of four operating modes in the device. 
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cepa sosteeee 


REQUESTTO 0= ATS OUTPUT HIGH 
SEND (RTS) 1=RISOUTPUTLOW 


DATA 0 = DTR OUTPUT HIGH 
TERMINAL 1 = DTR OUTPUT LOW 
READY 

(DTR) 


INTERRUPT 
ENABLE 
(INTEN) 


MODE SELECT 00 = NORMAL 
01 = TRANSMIT BREAK 
10 = ECHO MODE 
11 = LOOP TEST MODE 


RECEIVER 0 = NOT ENABLED 
ENABLE (REN) 1 = ENABLED 


MODEM 0 = NOT ENABLED 
INTERRUPT 1 = ENABLED 
ENABLE (MIEN) 


MUST BE SET TO ALOGIC 0 
FOR NORMAL 82C52 OPERATION 


0 = INTERRUPTS ENABLED 
1 = INTERRUPTS DISABLED 


FIGURE 5. MCR FORMAT 


DO — Request to Send. This bit allows the user to set the 
state of the RTS output pin. This pin is used as a modem 
control line in the RS-232C interface protocol. It is important 
to remember that the RTS output pin is active low. 


0 - Setting this bit to a zero causes a one (1) to be output on 
the RTS pin. In effect, this is setting the pin to its logical 
false state. 


1 —If this bit is set to a one, the RTS pin will be forced to a 
zero (0). This puts the RTS signal in its logical true state. 


D1 — Data Terminal Ready. This is a modem control line for 
an RS-232C-like interface. It is an output pin and is also 
active low. 


0 - A zero in bit D1 causes DTR pin to be put in a logical 
false state. The DTR pin outputs a one (1). 


1 — By writing a one to this bit, the 82C52 DTR output pin is 
set to its logical true state (zero). 


D2 — interrupt Enable (INTEN). This bit is an overall control 
for the INTR pin on the 82C52. With it, all 82C52 interrupts to 
the processor can either be enabled or disabled. When D2 is 
reset to disable interrupts, no status changes including 
modem status changes can cause an interrupt to the pro- 
cessor. 


O - Interrupts are disabled. The INTR pin will be held in a 
false state (low) so that no interrupt requests to the pro- 
cessor are generated. 


1 — Interrupts are enabled. Interrupts will be discussed in 
more detail later. 


D4 and D3 — Mode Select. These two bits allow the user to 
select one of the four possible operating modes for the 
82C52. These are: 


00-— Normal mode - The 82C52 is configured for normal full 
or half duplex communications. Data will not be looped 


back in any form or fashion between the serial data 
input pin and the serial data output pin (see Figure 6a). 


01- Transmit break - Selecting this mode of operation will 
cause the transmitter to transmit break characters 
only. A break character is composed of all logical 
zeros for the start, data, parity, and stop bits. 


10-— Echo mode - When this is selected, the 82C52 will 
retransmit data received on the SDI pin out to the SDO 
pin. In this mode of operation, any data written to the 
Transmitter Buffer Register will not be sent out on the 
SDO pin (See Figure 6b). 


11— Loop Test mode - If this mode is selected, the data that 
normally would be transmitted is internally routed back 
to the receiver circuitry. The transmitted data will not 
appear at the SDO pin. Also, data that is received on 
the SDI pin will be ignored by the device. This mode of 
operation is useful for performing self test(s) on the 
device (see Figure 6c). 


82C52 


SERIAL DATA FROM 
TRANSMITTER REGISTER 


SERIAL DATA TO 
RECEIVE REGISTER 


6a. NORMAL MODE 


82C52 


SERIAL DATA TO 
RECEIVE REGISTER 


6b. ECHO MODE 


82C52 


SERIAL DATA FROM 
TRANSMITTER REGISTER 


SERIAL DATA TO 
RECEIVE REGISTER 


6c. LOOP TEST MODE 
FIGURE 6. OPERATING MODES 


D5 — Receiver Enable (REN). Controls the reception of data 
through the SDI pin into the Receiver Register. Disabling the 
receiver is useful when performing a software reset on the 
device. This locks out any errant data from being received. 
This would also prevent interrupts from occurring due to data 
reception. Other possible reasons for disabling the receiver 
might be so that sections of software can execute without 
interruption, so that software only accepts data when ready 
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for it, or so that a software reset/reconfiguration can be per- 
formed. 


0 - A zero for this bit prevents the device from recognizing 
data sent to the SDI pin. The receive circuitry will remain 
in an idle state. 


1 - Writing a one to this bit enables the receiver. Data will 
then be recognized at the SDI pin. 


D6 — Modem interrupt Enable. Enabling this bit will allow 
any change in the modem status line inputs (CTS and DSR) 
to cause an interrupt. The Modem Status register (MSR) will 
contain information pertaining to which condition(s) caused 
the interrupt. 


0 - Modem interrupts not enabled. 
1 - Modem interrupts enabled. 


D7 — This bit must always be set to a logic zero to insure 
device compatibility for future product upgrades. Should this 
bit be set to a one (1)during initialization, the device will not 
respond to any data at the SDI pin, and no data will be trans- 
mitted from the Transmitter Register to the SDO pin. 


3.0 Status Registers 


In addition to the various Control registers, the 82C52 has 
two read only status registers that can be accessed by the 
CPU to determine the status of the device at any given time. 
These are the UART Status Register (USR), and the Modem 
Status Register (MSR). The registers are used for keeping 
track of any changes in (1) the modem lines on the device 
(2) the status of data transmission or reception, and (3) 
whether any error(s) were detected in received data. 


The USR deals with the different types of data errors, the 
status of data transmission, as well as data waiting to be 
read. The MSR, on the other hand, reflects the status of the 
various modem control lines in the device (i.e. CTS and 
DSR). 


Normally, in an interrupt-driven system, after an interrupt 
occurs, the user’s software would check the status regis- 
ter(s) to determine what caused the interrupt. The software 
then should deal with the various types of interrupts in an 
appropriate manner. 


3.1 UART Status Register 


The UART Status Register (USR) contains information per- 
taining to the status of the 82C52 operation. The information 
that is kept in the USR includes: data reception error infor- 
mation, modem status, and the status of data transmission. 
This register will normally be the first 82C52 register read 
when servicing an 82C52 interrupt, or when polling the 
device. 


NOTE: The USR will be cleared upon reading its contents. 


After reading and clearing the status register, the bits will 
remain as zeros until a status change occurs to set the 
proper bit(s). 


D7|D6}05]4|D3|D2}01]Do 

PARITYERROR 0=NOERROR 
(PE) 1= ERROR 
FRAMING 0 =NO ERROR 
ERROR (FE) 1= ERROR 
OVERRUN 0=NO ERROR 
ERROR (OE) 1= ERROR 
RECEIVED 0 = NO BREAK 
BREAK (RBRK) 1 = BREAK 
MODEM 0 = NO STATUS CHANGE 
STATUS (MS) 1 = STATUS CHANGE 
TRANSMISSION 0 = NOT COMPLETE 
COMPLETE (TC) 1 = COMPLETE 
TRANSMITTER 0 = NOT EMPTY 
BUFFER 1 = EMPTY 
REGISTER 
EMPTY (TBRE) 
DATA READY (DR) 0 = NOT READY 

1 = READY 


FIGURE 7. USR FORMAT 


DO — Parity error (PE). This bit indicates whether a parity 
error was detected in the last character read into the 
Receive Buffer Register. If parity is disabled, this bit will 


always be a zero. 


0 — No error detected. 
1 ~ Parity error detected. 


D1 — Framing error (FE). A one in this bit indicates that the 
last character received contained an improper number of 
stop bits. This might be caused by no stop bits being sent, or 
by the length of the stop bits being too short. 


0 — No framing error. 
1 — Framing error detected. 


D2 — Overrun error (OE). When this status bit is set to a 
one, it indicates that data in the RBR is not being read by the 
CPU fast enough to permit data in the Receiver Buffer to be 
shifted to the RBR before the next character comes in on the 
SDI pin. Data is then lost because it is overwritten by incom- 
ing characters. 


0 — No overrun error detected. 
1 — Overrun error detected. 


D3 — Received Break (RBRK). This status bit indicates that 
the last character received was a break character. A break 
character consists of all logic zeros including the parity and 
stop bits. The most common usage of this character is to 
indicate a special condition in the communications taking 
place. For example, the device sending information to the 
82C52 might send a break character to it to indicate that it 
has completed transmitting its stream of data. 


0 ~ No break. 
1 — Break detected. 


D4 — Modem Status (MS). This bit indicates whether or not 
there has been a change in the states of any of the modem 
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control lines on the device. These lines include: CTS and 
DSR. To determine which of these lines has changed, the 
user can read the Modem Status Register (MSR). 


Also, should both the MIEN and INTEN bits be set in the 
MCR register, an interrupt will be generated when the MS bit 
gets set. 


0 — No status change. 
1 — Status change detected. 


D5 — Transmission Complete (TC). When a character is 
written to the 82C52 Transmitter Buffer Register (TBR), it will 
be transferred to the Transmitter Register before actually 
being shifted out serially through the SDO pin. When the char- 
acter has finally been transmitted on SDO, and both the TBR 
and Transmitter Registers are empty, the TC bit will be set. 


NOTE: The TC bit getting set does not always mean that an end of 
transmission has occurred. It indicates that both the TBR and the 
Transmitter Register are empty. For instance, if we are running the 
82C52 at a high baud rate, it could transmit data faster than the user's 
software can write characters to the device. In this case, the TC bit 
could get set between each character being transmitted. 


Assertion of this bit will cause an interrupt when the INTEN 
bit of the MCR has been set. 


0 — Not complete. 
1 — Transmission complete. 


D6 — Transmitter Buffer Register Empty (TBRE). When a 
character written to the TBR has been transferred to the 
Transmitter Register and the TBR is ready for another char- 
acter, this bit will get set. 


The user should check the TBRE bit before writing another 
character to the Transmitter Buffer Register. This insures 
that the previous character written to the TBR no longer 
resides there, but is being shifted out on the SDO pin. 


0 — Not empty. 
1 — Empty. 


D7 — Data Ready (DR). Is set when the Receive Buffer Reg- 
ister (RBR) has been loaded with a received character 
through the SDI pin. The CPU can access this data by read- 
ing the RBR. For example, if the user wishes to see if there 
is any data waiting to be read from the Receiver Register, 
this bit can be checked. 


0 — No data ready. 
1 — Data ready in RBR. 


NOTE: In an interrupt driven system, interrupts caused by the DR 
signal should have a higher priority than those caused by the TBRE 
signal. This will guard the software against Overrun errors. You have 
no control over the information being sent to you, but you can control 
how and when you are transmitting data. 


3.2 Modem Status Register 


The Modem Status Register (MSR), a read-only register, 
allows the user to determine the status of the Modem Status 
pins. The status of these pins is reflected by the correspond- 
ing bit(s) being set to a one if the state of the pin is in its true 


state (low), and by being set to a zero if the pin is in its false 
state (high). This will apply regardless of whether the pin is 
set up to be active high or active low. 


A change in any of the status bits will cause an interrupt if 
the INTEN and MIEN bits of the MCR are enabled. 


CLEAR TO SEND (CTS) 0=FALSE 


1 = TRUE 


DATA SET READY (DSR) 0= FALSE 
1 = TRUE 


0 
0 


UNDEFINED 
FIGURE 8. MSR FORMAT 


DO — Clear to Send (CTS). This is both a status and control 
signal from the modem. It tells the 82C52 that the modem is 
ready to receive data from the 82C52 transmitter output 
(SDO). If this line is inhibited (false), then the 82C52 will not 
be able to begin transmission of data. Should this line go 
false in the middie of a transmission, the UART will only be 
able to finish transmission of the current character. 


0 —CTS in false state. 
1 -—CTS is true. 


D1 — Data Set Ready (DSR). This is a status indicator from 
the modem to the 82C52 indicating that the modem is ready 
to provide data to the 82C52. 


0 — DSR in false state. 
1 — DSR is true. 


4.0 Transmit/Receive Buffer Registers 


In addition to the control and status registers, the 82C52 has 
two buffer registers that allow for the actual serial communi- 
cations to be performed. These registers are used for send- 
ing characters out to the SDO pin, and for reading data from 
the SDI pin. 


4.1 Receiver Buffer Register 


The Receiver Buffer Register (RBR) is a read-only register 
which contains the character received via the SDI pin. When 
data is received by the 82C52, it is read serially into the 
Receiver Register from the SDI pin, and then transferred to 
the RBR for the CPU's access. This double buffering allows 
for higher transmission rates without loss of data. However, 
should additional characters be received by the 82C52 
before this register is read, then the Receiver Register will 
be overwritten with the subsequent characters. This will 
cause the Overrun Error (OE) flag to be asserted. 


The RBR is 8 bits long and can accept data lengths of 5 to 8 
bits. The data will be right justified in the register. When 
selecting data lengths of less than 8 bits, the 82C52 will 
insert zeros (0) into the RBR for the unused (most signifi- 
cant) bits. For example, if the 82C52 is configured for 6 data 
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bits, and the character 31H is received, the RBR will look as 
follows when read: 


Cee ees ee ee ee 
Ree Eee ee ee 


FIGURE 9. RECEIVED DATA 


Bits D7 and D6 are automatically zeroed out by the 82C52. 


BIT O 
BIT 1 
5 BIT 
BIT 2 WORD [6 BIT 
BIT3 WORD [7 BIT 
WORD |[_8 BIT 


BIT 4 WORD 


BIT 5 
BIT 6 
BIT7 


NOTE: THE LSB, BIT 0 IS THE FIRST SERIAL DATA BIT RECEIVED 


FIGURE 10. RBR FORMAT 
4.2 Transmitter Buffer Register 


The Transmitter Buffer Register (TBR) is a write only register 
used for sending characters out through the SDO pin. 
Characters to be transmitted should only be written to this 
register when it is empty. This condition can be checked for 
by reading the UART Status Register (USR) TBRE bit, or 
waiting for an interrupt to signal this condition. 


Like the Receiver circuitry, the Transmitter also uses double 
buffering. Here, we are taking advantage of the double buff- 
ering to increase throughput with the 82C52. The user would 
first write a character to the TBR. From here it is shifted (in 
parallel) into a second register known as the Transmit Regis- 
ter. After this transfer has been completed, the TBRE bit is 
set. 


The character shifted into the Transmit Register is then 
shifted serially out onto the SDO pin. Meanwhile, because 
the TBR is empty, another character can be written by the 
CPU to the TBR. In effect, the transmitter circuitry is then 
performing two operations simultaneously. This double buff- 
ering technique allows continuous data flow transmission. 


The Transmit Buffer Register is also 8 bits wide. Because we 
can specify data lengths as being from 5 to 8 bits wide, the 
82C52 right justifies the data when it is written to the TBR, 
and fills the unused bits with zero’s. In other words, unused 
(most significant) bits are truncated. For example, if we set 
up the device so that 6 data bits are specified and we write 
the character 71H (01110001 b) to the TBR, we will effec- 


tively be transmitting the character: 


GE emcee 
ES Ea eae REESE 


FIGURE 11. TRANSMITTED DATA 


= 31H 


The two most significant bits are zeroed out automatically by 
the 82C52. 


[D7}o¢}o5|D4}03/02/D1]D0 


BIT 0 
BIT 1 
BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 
BIT 7 


5 BIT 


6 BIT 
were WORD [7 BIT 


WORD |_8 BIT 


WORD 


NOTE: THE LSB, BIT 0 IS THE FIRST SERIAL DATA BIT TRANSMITTED 
FIGURE 12. TBR FORMAT 


5.0 /O Addressing Methods 


To utilize the 82C52 in a microprocessor based system, it is 
necessary for the system to be designed such that we can 
easily access (address) the device. In the following discus- 
sion, we will look at two I/O device addressing schemes that 
can be applied to the 82C52: 


- /O Mapped Addressing, and 
- Memory Mapped I/O Addressing 


We will look at these two modes as they apply to an 80C86/ 
80C88-based system. 


5.1 /O Mapped Addressing 


In this scheme of I/O addressing, the microprocessor uses 
one set of instructions for accessing memory, and a different 
set for accessing I/O devices. The CPU will generate differ- 
ent control signals (IO/M) to select either memory or I/O 
based upon the type of instruction it is executing. Because of 
this, the system needs two sets of control logic for accessing 
memory and I/O. As we can see in Figure 13, the control 
logic for each is essentially the same. 


When addressing I/O, we would use either the IN instruction 
or the OUT instruction. The port address specified in the 
instruction is placed on the address bus, and the IO/M signal 
selects and activates the control logic for I/O. If we used_one 
of the memory commands (MOV, CMP, TEST, etc.), the 1O/M 
signal would activate the control logic for the system 
memory. 
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MEMORY 
Ab 
: 
"es{ OATA 


} OTHER MEMORY 


HPL-82C338 


ADDRESS 


DATA BUS 


1/0 DEVICE 
(82052) 


FIGURE 13. JO MAPPED ADDRESSING 


MEMORY 


ADDRESS 
BUS 


CHIPS 


OTHER 1/0 


OTHER MEMORY 
DEVICES 


DATA BUS wa 


82C52 


MEMORY MAP 
OK 


*~IN 80086 SYSTEM 


1/0 


woe 1024K° 


FIGURE 14. MEMORY MAPPED VO ADDRESSING 


5.2 Memory Mapped V/O 


Memory Mapped W/O uses the same control logic for 
accessing both memory and I/O devices within a system. 
This is illustrated in Figure 14. Because we are using one set 
of control logic, we reduce the number of devices in the 
system, and save board space. 


When I/O devices are placed within the Memory Space of a 
system, it is possible to take advantage of the memory 
instruction set. This would now allow us to utilize the full reg- 
ister set in 1/O operations, as opposed to only being able to 
use the accumulator (AX/AL) for the 1/O instructions. Also, 
conditional testing can be applied to the I/O devices (i.e. 
TEST, CMP). When using memory mapped I/O, it should be 
noted that the I/O devices can no longer be accessed 
through the I/O instructions (IN and OUT).There are disad- 
vantages to using memory mapped I/O as well: 


- The W/O devices are treated as memory, therefore the 
amount of available memory in the system is reduced. 


Memory instructions will execute slower than the I/O com- 
mands (IN and OUT). In certain situations (i.e. I/O polling), 
this could lead to loss of data during communications 
(overrun errors). 


5.3 VO Addressing For The 82C52 


The actual addressing of the 82C52 internal registers takes 
place through the address pins AO and A1. These two sig- 
nals are taken from the address bus. In the following exam- 
ple(s), address lines ADO and AD1 from the 80C86/88 drive 
AO and A1, respectively, on the 82C52. Control logic will 
decode the remaining address lines from the CPU to gener- 
ate a ‘chip select’ for enabling the 82C52. The control logic 
consists of a 74XX138 Chip Select Decoder. 


The addresses for the 82C52 set up as described above are 
shown in Table 7. 


TABLE 7. EXAMPLE ADDRESSES 


[ranemitGuer Register | 10H | Wile ony register 
[Recover Butler Regt | 10H | Read oni roger 
UART Control Register 
UART Status Register 
Modem Control Register | 12H —_| Write/Read register | 
Baud Rate Selector Register | 13H | Write only register _| 
Modem Status Register | 13H | Read only register _| 


6.0 Reset Of The 82C52 


There are two distinct ways in which the 82C52 can be reset 
to a known initial state: (1) By applying a reset pulse for at 
least two clock cycles on the RST pin, or (2) through software. 


A hardware reset is accomplished by forcing the RST pin to 
a high state for a minimum of two clock cycles. This should 
be for two cycles of the 82C52’s IX clock input as opposed to 
the system clock. This reset will cause the UART Status 
Register (USR) to be set to GOH (TC and TBRE bits will be 
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set), and the Modem Control Register(MCR) will be cleared. 
Any lines associated with the bits in the USR and MCR will 
be cleared or disabled. 


During the reset of the device, the Baud Rate Select Regis- 
ter (BRSR) and the UART Control Register (UCR) will not be 
affected. However, if the reset comes due to power on, these 
registers will have an indeterminate value associated with 
them. After this reset, the 82C52 will remain in an idle state 
until programmed to its desired configuration. 


A second method of resetting the 82C52 is through a soft- 
ware reset. This will allow the device to be set to a known 
state. The procedure for performing a software reset is out- 
lined below: 


(1) MCR = OOH. Write a zero to the MCR. This will disable 
the receiver as well as the modem control lines, and 
interrupts. 


(2) Read the RBR to clear out any residual data. 


(3) Read the USR to reset status, thus keeping status lines 
from causing possible interrupts to the CPU. 


(4) Reconfigure the device for the desired mode of opera- 
tion. 


7.0 Programming The 82C52 


In order to configure the 82C52 for proper operation, three 
separate command words need to be written to the com- 
mand (control) registers that were specified earlier. 


These registers include (1) the UART Control Register, (2) 
the Baud Rate Select Register, and (3) the Modem Control 
Register. When programming the device, these registers can 
be written to in any order. It is advisable to initialize the 
Modem Control Register last because it controls the 
enabling of interrupts, and the receiver circuitry. Once initial- 
ized, the 82C52 can be reconfigured at any time by writing 
new command word(s) to the control registers. However, the 
device should not be actively transmitting or receiving data 
when reconfiguring the control registers. 


Addressing of the internal registers on the 82C52 occurs by 
using the address lines A1 and AO, as well as the WR and 
RD lines. A more complete description of this is shown in 
Table 8. 


82C52 Polling Operation 


When utilizing a polling scheme for communications with the 
82C52, it is important to note that the UART status register 
will be cleared of its contents when it is read by the proces- 
sor. Therefore, subsequent reads of this register will show 
the contents to be OOH unless the status of the device has 
changed between reads. Because of this, it would be neces- 
sary for a copy of the status to be saved so that the proper 
status can be seen. 


Interrupt Driven Operation 


In this example, the 82C59A Interrupt Controller is being 
used to handle interrupts generated by the 82C52. The 
82C59A then communicates this interrupt information to the 
CPU so that it may be properly serviced. An example of how 
the 82C59A and 82C52 are interfaced to the CPU is shown 
in Figure 15. 


B ¥4 
er 82C59A | 
c 
cs 
INTR 
ess 1 
Al 


80C88 
DATA BUS 


80088 
ADDRESS BUS 


FIGURE 15. INTERRUPT DRIVEN SYSTEM 


TABLE 8. ADDRESSING THE 82C52 
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82C59A CMOS PROGRAMMABLE INTERRUPT CONTROLLER 
By J. A. Goss 


Introduction 


The Harris 82C59A is a CMOS Priority Interrupt 
Controller, designed to relieve the system CPU from the 
task of polling in a multi-level priority interrupt system. 
The 82C59A is compatible with microprocessors such as 
the 80C86, 80C88, 8086, 8088, 8080/85 and NSC800. 


In the following discussion, we will look at the 
initialization and operation process for the 82C59A. We 
will focus our attention on 80C86/80C88-based systems. 
However, the information presented will also be 
applicable to use of the 82C59A in 8080 or 8085-based 
systems as well. 


Let us look at the sequence of events that occur with the 
82C59A during an interrupt request and service. In an 
8080/85 based system: 


(1) One or more of the INTERRUPT REQUEST lines (IRO 
- IR7) are raised high, setting the corresponding bits 
in the Interrupt Request Register (IRR). 


(2) The interrupt is evaluated in the priority resolver. If 
appropriate, an interrupt is sent to the CPU via the 


INT line (pin 17). 


The CPU acknowledges the interrupt by sending a 
pulse on the INTA line. Upon reception of this pulse, 
the 82C59A responds by forcing the opcode for a call 
instruction (OCDH) onto the data bus. 


A second INTA pulse is sent from the CPU. At this 
time, the device will respond by placing the lower 
byte of the address of the appropriate service routine 
onto the data bus. This address is derived from |ICW1. 


A final (third) pulse of INTA occurs, and the 82C59A 
responds by placing the upper byte of the address 
onto the data bus. This address is taken from ICW2. 


(3) 


(4) 


(5) 


The three byte call instruction is then complete. If the 
AEOI! mode has been chosen, the bit set during the 
first INTA pulse in the ISR is reset at the end of the 
third INTA pulse. Otherwise, it will not get reset until 
an appropriate EOI command is issued to the 
82C59A. 


For 80C86- and 80C88-based systems: 
(1) and (2) same as above. 


(3) The CPU responds to the interrupt request by pulsing 
the INTA line twice. The first pulse sets the 
appropriate ISR bit and resets the IRR bit while the 
second pulse causes the interrupt vector to be placed 
on the data bus. This byte is composed of the 
interrupt number in bits 0 through 2, and bits 3 
through 7 are taken from bits 3 - 7 of ICW2. 


The interrupt sequence is complete. If using the AEOI 
mode, the bit set earlier in the ISR will be reset. 
Otherwise, the interrupt controller will await an 
appropriate EOI command at the end of the interrupt 
service routine. 


1.0 Glossary of Terms for the 82C59A 
1.1 Automatic End of Interrupt (AEOI): 


When the 82C59A is programmed to operate in the 
Automatic EO! mode, the device will produce its own 
End-of-Interrupt (EOI) at the trailing edge of the last 
Interrupt Acknowledge pulse (INTA) from the CPU. Using 
this mode of operation frees the software (service 
routines) from needing to send an EO! manually to the 
82C59A. 


However, using the Automatic EOI mode will upset the 
priority structure of the 82C59A. When the AEOI is 
generated, the bit that was set in the In-Service Register 
(ISR) to indicate which interrupt is being serviced, will be 
cleared. Because of this, while an interrupt is being 
serviced there will be no record in the ISR that it is being 
serviced. Unless interrupts are disabled by the CPU, there 
is a risk that interrupt requests of lower or equal priority 
will interrupt the current request being serviced. If this 
mode of operation is not desired, interrupts should not be 
re-enabled by the CPU when executing interrupt service 
routines. 


1.2 Automatic Rotation: 


During normal operation of the 82C59A, we have an 
assigned order of priorities for the IR lines. There are 
however, instances when it might be useful to assign 
equal priorities to all interrupts. Once a particular 
interrupt has been serviced, all other equal priority 
interrupts should have an opportunity to be serviced 
before the original peripheral can be serviced again. This 
priority equalization can be achieved through Automatic 
Rotation of priorities. 


Assume, for example, that the assigned priorities of 
interrupts has IRO as the highest priority interrupt and IR7 
as the lowest. Figure 1A shows interrupt requests 
occuring on IR7 as well as IR3. Because IR@ is of higher 
priority, it will be serviced first. Upon completion of the 
servicing of IR3, rotation occurs and IR3 then becomes 
the lowest priority interrupt. IR4 will now have the highest 
priority (see Figure 1B). 


There are two methods in which Automatic Rotation can 
be implemented. First, if the 82C59A is operating in the 
AEOI mode as described above, the 82C59A can be 
programmed for “Rotate in Automatic EOI mode”. This is 
done by writing a command word to OCW2. The second 
method occurs when using normal EOls. When an EOI is 
issued by the service routine, the software can specify 
that rotation be performed. 


IR? = IRE sIRSSSIR4 sR 


IR2 


LOWEST HIGHEST 
PRIORITY PRIORITY 
FIGURE 1A. IR PRIORITIES (BEFORE ROTATION) 
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HIGHEST LOWEST 
PRIORITY PRIORITY 
FIGURE 1B. IR PRIORITIES (AFTER ROTATION) 


1.3 Buffered Mode: 


When using the 82C59A in a large system, it may be 
necessary to use bus buffers to guarantee data integrity 
and guard against bus contention. 


By selecting buffered mode when initializing the device, 
the SP/EN pin (pin 16) will generate an enable signal for 
the buffers whenever the data outputs from the 82C59A 
are active. In this mode, the dual function SP/EN pin can 
no longer be used for specifying whether a particular 
82C59A is being used as a master or a slave in the system. 
This specification must be made through setting the 
proper bit in |CW4 during the device initialization. 


1.4 Cascade Mode: 


More than one 82C59A can be used in a system to expand 
the number of priority interrupts to a maximum of 64 
levels without adding any additional hardware. This 
method of expansion is known as “cascading”. An 
example of cascading 82C59As is shown in Figure 2. 


In a cascaded interrupt scheme, a single 82C59A is 
utilized as the “master” interrupt controller. As many as 8 
“slave” 82C59As can be connected to the IR inputs of the 
“master” 82C59A. Each of these slaves can support up to 
8 interrupt inputs, yielding 64 possible prioritized 
interrupts. 


When in cascade mode, the determination of whether a 
device is a master or a slave can take either of ans forms. 
The state of the SP/EN pin will select “master” or “slave” 

mode for a device when the buffered mode is i being 
used. Should buffered mode be used, then it is necessary 
that bit D2 (M/S) of ICW4 be set to indicate if the particular 
82C59A is being used as a “master” or “slave” interrupt 
controller in the system. 


The CASO-2 pins on the interrupt controllers serve to 
provide a private bus for the cascaded 82C59As These 
lines allow the “master” to inform the slaves which is to be 
serviced for a particular interrupt. 


1.5 End of Interrupt (EOl): 


When an interrupt is recognized and acknowledged by 
the CPU, its corresponding bit will be set in the In-Service 
Register (ISR). If the AEO! mode is in use, the bit will be 
cleared automatically through the interrupt acknowledge 
signal from the CPU. However, tf AEOI is not in effect, itis 
the task of software to notify the 82C59A when servicing 
of an interrupt is completed. This is done by issuing an 
End-of-Interrupt (EOl). 


There are 2 different types of EOls that can be issued to 
the device; non-specific EO! and specific EOI. In most 
cases, when the device is operating in a mode that does 
not disturb the fully nested mode such as Special Fully 
Nested Mode, we will issue a non-specific EOI. This form 
of the EO! will automatically reset the highest priority bit 
set in the ISR. This is because for full nested operation, 
the highest priority IS bit set is the last interrupt level 
acknowledged and serviced. 


The “specific” EOI is used when the fully nested structure 
has not been preserved. The 82C59A may not be able to 
determine the last level acknowledged. Thus, the software 
must specify which interrupt level is to be reset. This is 
done by issuing a “specific” EOI. 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


A 


C) 
INTA a ts 


CAS 0 
at 


82C59A SLAVEA 82CS5SA 


SPEN 7 


Bs 0-7 


SLAVE B MASTER 82CS9A 


INTERRUPT REQUESTS 


FIGURE 2. CASCADING THE 82C59A 
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1.6 Fully Nested Mode: 


By default, the 82C59A operates in the Fully Nested Mode. 
it will remain in this mode until it is programmed 
otherwise. in the Fully Nested Mode, interrupts are 
ordered by priority from highest to lowest. Initially, the 
highest priority teve! is IRO with IR7 having the lowest. 
This ordering can be changed through the use of priority 
rotation (see 1.2). 


in the Fully Nested Mode, when an interrupt occurs, its 
corresponding bit will get set in the Interrupt Request 
Register (IRR). When the processor acknowledges the 
interrupt, the 82C59A will look to the IRR to determine the 
highest priority interrupt requesting service. The bit in the 
in-service Register (ISR) corresponding to this interrupt 
will then be set. This bit remains set until an EO! is sent to 
the 82C59A. 


While an interrupt is being serviced, only higher priority 
interrupts will be allowed to interrupt the current interrupt 
being serviced. However, lower priority interrupts can be 
allowed to interrupt higher priority requests if the 82C59A 
is programmed for operation in the Special Mask Mode. 


When using the 82C59A in an 80C86- or 80C88-based 
system, interrupts will automatically be disabled when the 
processor begins servicing an interrupt request. The 
current address and the state of the flags in the processor 
will be pushed onto the stack. The interrupt-enable flag is 
then cleared. To aliow interrupts to occur at this point, the 
ST! instruction can be used. Upon exiting the service 
routine using the IRET instruction, execution of the 
program is resumed at the point where the interrupt 
occured, and the flags are restored to their original values, 
thus re-enabling interrupts. 


A configuration in which the Fully Nested structure is not 
preserved occurs when one or more of the following 
conditions occur: 


(a) The Automatic EO! mode is being used. 
(b) The Special Mask Mode is in use. 


(c) A slave 82C59A has a master that is not programmed 
to the Special Fully Nested Mode. 


Cases (a) and (b) differ from case (c) in that the 82C59A 
would allow lower priority interrupt requests the 
opportunity to be serviced before higher priority interrupt 
requests. 


1.7 Master: 


When using multiple 82C59As in a system, one 82C59A 
has control over all other 82C59As. This is known as the 
“master” interrupt controller. Communication between 
the master and the other (slave) 82C59As occurs via the 
CASO - 2 lines. These lines form a private bus between the 
multiple 82C59As. Also, the INT lines from the slaves are 
routed to the master's IR input pin(s). See Figure 2. 


1.8 Slave: 


A “slave” 82C59A in a system is controlled by a master 
82C59A. There is but one “master” in the system, but there 
can be up to 8 slave 82C59As. The INT outputs from the 
slaves act as inputs to the master through it’s IR inputs. 


Communications between the master and slaves occurs 
via the CASO - 2 lines. See Figure 2. 


1.9 Special Fully Nested Mode: 


The Special Fully Nested Mode (SFNM) is used in a 
system having multiple 82C59As where it is necessary to 
preserve the priority of interrupts within a slave 82C59A. 
Only the master is programmed for the Special Fully 
Nested Mode through ICW4. This mode is similar to the 
Fully Nested Mode with the following exceptions: 


(a) When an interrupt from a particular slave is being 
serviced, additional higher priority interrupts from 
that slave can cause an interrupt to the master. 
Normally, a slave is masked out when its request is in 
service. 


(b) When exiting the Interrupt Service routine, the 
software should first issue a non-specific EOI to the 
slave. The In-service Register (ISR) should then be 
read and checked to see if its contents are zero. If the 
register is empty, the software should then write a 
non-specific EO! to the master. Otherwise, a second 
EOI need not be written because there are interrupts 
from that slave still being processed. 


NOTE: Because the Master 82C59A and its slave 82C59As must be tn Fully 
Nested Mode for this mode to be functional, we could not utilize Automatic 
EOls. These would disturb the Fully Nested structure, as described 
in section 1.6. 


1.10 Special Mask Mode: 


The Special Mask Mode is utilized in order to allow 
interrupts from all other levels (higher and lower as well) 
to interrupt the IR level that is currently being serviced. 
Invoking this mode of operation will disturb the fully 
nested priority structure. 


Generally, the Special Mask Mode is selected during the 
servicing of an interrupt. The software should first set the 
bit corresponding to the IR level being serviced, in the 
Interrupt Mask Register (OCW1). The Special Mask Mode 
and interrupts should then be enabled. This will allow any 
of the IR levels except for those masked off by OCW1 to 
interrupt the IR level currently being serviced. 


Because this disturbs the Fully Nested Structure, it is 
required that a Specific EO! be issued when servicing 
interrupts while the Special Mask Mode is in effect. Before 
exiting the original interrupt routine, the Special Mask 
Mode should be disabled. 


1.11 Specific Rotation: 


By issuing the proper command word to OCW2, the 
priority structure of the 82C59A can be dynamically 
altered. The command word written to OCW2 would 
specify which is to be the lowest priority IR level. 


This specific rotation can be accomplished one of two 
ways. The first is through a specific EOI. The software can 
specify that rotation is to be applied to the IR level 
provided with the EOI. The second method is a simple “set 
priority” command, in which the lowest priority level is 
specified with the command word. 
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2.0 Initialization Control Words 


The following section gives a description of the Initialization 
Control Words (ICW) used for configuring the 82C59A In- 
terrupt controller. There are four (4) control words used for 
initialization of the 82C59A. These ICWs must be pro- 
grammed in the proper sequence beginning with ICW1. If at 
any time during the course of operation the configuration of 
the 82C59A needs to be changed, the user must again write 
out the control words to the device in their proper order. The 
initialization sequence is shown in Figure 3. 


YES (IC4 = 1) 


READY TO ACCEPT 
INTERRUPT REQUESTS 


FIGURE 3. 82C59A INITIALIZATION SEQUENCE 


ICW1: The 82C59A recognizes the first Initialization 
Control Word (ICW) written to it based on two crite- 
ria: (1) the AO line from the address bus must be a 
zero, and (2) the D4 bit must be a one. If the D4 bit is 
set to a zero, we would be programming either 
OCW2 or OCWS (these are explained later). The 
function of ICW1 is to tell the 82C59A how it is being 
used in the system (i.e. Single or cascaded, edge or 
level triggered interrupts etc.). 


ICW2: This control word is always issued directly after 
ICW1. When addressing this ICW, the AO line from 
the address bus must be a one (high). ICW2 is util- 
ized in providing the CPU with information on where 
to vector to in memory when servicing an interrupt. 


ICW3: This control word is issued only if the SNGL (D1) bit 
of ICW1 has been programmed with a zero. When 
addressing this word, the AO line from the CPU must 
be high (1). This control word is for cascaded 
82C59A's. It allows the master and slave 82C59As 
to communicate via the CASO-2 lines. With the mas- 
ter, this word indicates which IR lines have slaves 
connected to them. For the slave 82C59A(s), this 
word indicates to which IR line on the master it is 
connected. 


ICW4: Issuance of this ICW is selectable through the IC4 
(DO) bit of ICW4. If ICW4 is to be written to the 
82C59A, AO from the CPU must be high (1) when 
writing to it. This word needs to be written only when 
the 82C59A is operating in modes other than the de- 
fault modes. Instances when we would want to write 
to ICW4 are one or more of the following: An 
80C86(80C88) processor is being used, buffered 
outputs (DO-D7) are to be used, Automatic EOls are 
desired, or the Special Fully Nested mode is to be 
used. 


2.1 ICWI: 


ICW1 is the first control word that is written to the 82C59A 
during the initialization process. To access this word, the 
value of AO must be a zero (0) in the addressing, and bit D4 
of ICW1 must be a one (1). The format of the command 
word is as follows: 


Ao 07 Dg Dg Og O03 Do Of Dg 


[8 [ar fas fas | + fren) api ]swon] 1a 
eee 1 = 1CW4 NEEDED 
0 = NO ICW4 NEEDED 
1 = SINGLE 
0 = CASCADE MODE 


CALL ADDRESS INTERVAL 


1=INTERVAL OF 4 
0 = INTERVAL OF 8 


1= LEVEL TRIGGERED MODE 
O= EDGE TRIGGERED MODE 


A7 - As OF INTERRUPT 
VECTOR ADORESS 
(MCS-80/85 MODE ONLY) 


* NOTE: This is an address bit, and not part of the ICW. 


FIGURE 4. iICW1 FORMAT 


D7 thru D5 - A7, A6, A5: These bits are used in the 8080/ 
85 mode to form a portion of the low byte call ad- 
dress. When using the 4 byte address interval, all 3 
bits are utilized. When using the 8 byte interval, only 
bits A7 and A6 are used. Bit A5 becomes a “don’t 
care” bit. If using an 80C86(80C88) system, the value 
of these bits can be set to either a one or zero. 


D3 - LTIM: 

0: The 82C59A will operate in an edge triggered mode. 
An interrupt request on one of the IR lines (IRO - IR7) 
is recognized by a low to high transition on the pin. 
The IR signal must remain high at least until the falling 
edge of the first sINTA pulse. Subsequent interrupts 
on the IR pin(s) will not occur until another low-to- 
high transition occurs. 


1: Sets up the 82C59A to operate in the level triggered 
mode. Interrupts occur when a “high” level is de- 
tected on one or more of the IR pins. The interrupt re- 
quest must be removed from this pin before the EOI! 
command is issued by the CPU. Otherwise, the 
82C59A will see the IR line still in a high state, and 
consider this to be another interrupt request. 
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Icwt 


Ag D7 Dg O§ ODO 03 O2 07 Do 
DODD oc 


1 = ICW4 NEEDED 

0= NO ICW4 NEEDED 
1 = SINGLE 

0 = CASCADE MODE 


CALL ADDRESS INTERVAL 


1= INTERVAL OF 4 
O= INTERVAL OF 8 


1= LEVEL TRIGGERED MODE 
0= EDGE TRIGGERED MODE 


A7 - Ag OF INTERRUPT 
VECTOR ADDRESS 
(MCS-80/85 MODE ONLY) 


A1s5 - Ag OF INTERRUPT 
VECTOR ADDRESS 
(MCS80/85 MODE) 

17 - 13 OF INTERRUPT 
VECTOR ADDRESS 

(8086/8088 MODE) 


ICW3 (MASTER DEVICE) 
Ao 07 Dg Of Dg 03 D2 Dy Dg 


1= IR INPUT HAS A SLAVE 
0=IR INPUT DOES NOT HAVE 
A SLAVE 


ICW3 (SLAVE DEVICE) 


1 = 8086/8088 MODE 
0 = MCS-80/85 MODE 
1= AUTO EOI 

0= NORMAL EO! 


— NON BUFFERED MODE 
~ BUFFERED MODE/SLAVE 
~— BUFFERED MODE/MASTER 


1 = SPECIAL FULLY NESTED 
MODE 

0 = NOT SPECIAL FULLY 

NESTED MODE 


NOTE Slave ID 1s equal to the corresponding master IR input 


82C59A INITIALIZATION COMMAND WORD FORMAT 


INTERRUPT MASK 
1 = MASK SET 
0 = MASK RESET 


IR LEVEL TO BE 
ACTED UPON 


NON-SPECIFIC E01 COMMAND 

* SPECIFIC EOI COMMAND + END OF INTERRUPT 
ROTATE ON NON-SPECIFIC EO! COMMAND 
ROTATE IN AUTOMATIC EO! MODE (SET) AUTOMATIC ROTATION 
ROTATE IN AUTOMATIC EO! MODE (CLEAR) 

* ROTATE ON SPECIFIC EOI COMMAND 


* SET PRIORITY COMMAND 
NO OPERATION 


LL sreciete ROTATION 


* Lo- Lz ARE USED 


—— a COMMAND 


1=POLL COMMAND 
0=NO POLL COMMAND 


SPECIAL oe MODE 


ae | SET 
NO ACTION SPECIAL | SPECIAL 
MASK MASK 


82C59A OPERATION COMMAND WORD FORMAT 
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D2 - ADI: Call Address Interval (for 8080/8085 use 


only). If using the 82C59A in an 80C86/88 based 
system, the value of this bit can be either a0 ora 1. 


: The address interval generated by the 82C59A is 8 


bytes. This option provides compatiblity with the 
RST interrupt vectoring in 8080/8085 systems 
since the vector locations are 8 bytes apart. This 
vector will be combined with the values specified 
in bits D7 and D6 of ICW1. The addresses 
generated are shown in Table 1. 


TABLE 1. 


ADDRESS INTERVAL (8 BYTES) 


IR7 
IR6 
IRS 
IR4 
IRS 
IR2 
IR1 
IRO 


: The address interval generated by the interrupt 


controller will be 4 bytes. This provides the user 
with a compact jump table for 8080/8085 systems. 
The interrupt number is effectively multiplied by 
four and combined with bits D7, D6 and D5 to form 
the lower byte of the call instruction generated 
and sent to the 8080 or 8085. Table 2 shows how 
these addresses are generated for the various 
Interrupt request (IR) levels. 


TABLE 2. ADDRESS INTERVAL (4 BYTES) 


as [v [+ [eo [o [o |e 
refs [oe |o | ns 
rs |i fo |e o 
ras fof + [a 9 
[as ofa [oo io 
Tas [o fo fs a 
fas Too fo rc 

D1 - SNGL: 

0. This tells the 82C59A that more than one 82C59A 


is being used in the system, and it should expect to 
receive ICW3 following |CW2. How the particular 
82C59A is being used in the system will be 
determined either through ICW4 for buffered 
mode, or through the SP/EN pin for non-buffered 
mode operation. 
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1: Tells the 82C59A that it is being used alone in the 
system. Therefore, there will be no need to issue 
ICW3 to the device. 


DO - IC4: Specifies to the 82C59A whether or not it 
can expect to receive ICW4. If this device is being 
used in an 80C86/ 80C88 system, |CW4 must be 
issued. 


0: ICW4 will not be issued. Therefore, all of the 
parameters associated with ICW4 will default to 
the zero (0) state. This should only be done when 
using the 82C59A in an 8080 or 8085 based 
system. 


1: ICW4 will be issued to the 82C59A. 


2.2 ICW2: 


ICW2 is the second control word that must be sent to the 
82C59A. This byte is used in one of two ways by the 
82C59A, depending on whether it is being used in an 
8080/85 or an 80C86/88 based system. 


When used in conjunction with the 8080/85 micro- 
processor, the value given to this register is taken as being 
the high byte of the address in the CALL instruction sent 
to the CPU. 


D7 D6 D5 D4 D3 D2 


D1 DO 
aa | aa] ara pan | avo] as 


FIGURE 5. ICW2 FORMAT 


In an 80C86- or 80C88-based system, ICW2 is used to 
send the processor an interrupt vector. This vector is 
formed by taking the value of bits D7 through D3 and 
combining them with the interrupt request level to get an 
eight bit number. The processor will multiply this number 
by four and go to that absolute location in memory to find 
a starting address for the interrupt service routine 
corresponding to the interrupt request. 


For example, if we set ICW2 to “00011000” and an 
interrupt is recognized on IR1, the vector sent to the 
80C86(80C88) will be 00011001 (19H). The processor will 
then look to the memory location 64H to find the starting 
address of the corresponding interrupt service routine. It 
is the responsibility of the software to provide this address 
in the interrupt table. 


D7 D6 DS D4 D3 D2 D1 DO 
CwTs~=—™[s[*[xp* 


FIGURE 6. ICW2 FORMAT (80C86 MODE) 
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2.3 ICW3: 


ICWS is only issued when the SNGL bit in ICW1 has been 
set to zero. If not set, the next word written to the 82C59A 
will be interpreted as ICW4 if AO = 1 and IC4 from ICW4 
was set to one, or it could see it as one of the Operation 
Command Words based upon the state of the AO line. 


Like ICW2, this control word can be interpreted in two 
ways by the 82C59A. However the interpretation of this 
word depends on whether the 82CS59A is being used as a 
“master” or a “slave” in the system. The definition of the 
particular devices role in the system is assigned through 
ICW4 (which will be discussed later), or through the state 
of the SP/EN pin (pin 16). 


82C59A as a MASTER: 


If the given 82CS59A is being used as a master, the eight (8) 
bits in this command word are used to indicate which of 
the IR lines are being driven by a slave 82C59A. 


D7 D6 D5 D4 D3 D2 D1 DO 
pe |efesla|ale| a} wo 


FIGURE 7. I[CW3 FORMAT (MASTER) 


D7 thru DO: 


0: The corresponding IR line to this bit is not being 
driven by a slave 82C59A. This line can however 
then be connected to the interrupt output of 
another interrupting device such as a UART. If 
there are unused bits in this byte because not all 
eight of the IR lines are used, set them to zero. 


1: The corresponding IR line to this bit is being 
driven by a slave 82C59A. 


The bits in this command word are directly related to the 
IR lines. For example, to tell the 82C59A that there is a 
slave device connected to IR5 (pin 23), bit D5 of the 
command word should be set to a one (1). 


82C59A as a SLAVE device: 


When the device is being used as a slave device, we must 
use ICWS3 to inform itself as to which IR line it will be 
connected to in the master. Therefore, only the three (3) 
least significant bits of |CW3 will be used to specify this 
value. 


D7 D6 DS D4 D3 D2 D1 DO 
RII ERS 


FIGURE 8. ICW3 FORMAT (SLAVE) 


These bits are coded as follows: 


TABLE 3. SLAVE ‘IDENTIFICATION’ WITH ICW3 


|, 102 |] | 10 
1 
1 
1 
1 
0 
0 
0 
0 


ES 


oo--00 + — 


For example, if the INT output of a “slave” 82C59A is 
connected to the input pin IR5 on the “master” 82C59A, 
ICW3 of the “slave” would be programmed with the value 
00000101b, or 05H. This informs the “slave” as to which 
priority level it holds with the “master”. 


D7 thru D3: These bits must be set to zeros (0) for proper 
operation of the device. 


2.4 ICW4: 


This control register is written to only when the IC4 bit is 
set in ICW1. The purpose of this command word is to set 
up the 82C59A to operate in a mode other than the default 
mode of operation. The default mode of operation is the 
same as if a value of OOH were to be written to |CW4 (i.e. all 
bits set to zero). 


Ag 07 Dg Of Dg D3 D2 Dy Dg 


1 = 8086/8088 MODE 
0 = MCS-80/85 MODE 


1 
0 


AUTO EO! 
NORMAL EOI 


— NON BUFFERED MODE 
~ BUFFERED MODE/SLAVE 
~— BUFFERED MODE/MASTER 


1 = SPECIAL FULLY NESTED 
MODE 

O= NOT SPECIAL FULLY 

NESTED MODE 


NOTE Slave IO ts equal to the corresponding master IR input 


FIGURE 9. ICW4 FORMAT 


D7 thru D5: These bits must be set to zero for proper 
operation. 


D4 - SFNM: This bit is used in the selection of the Special 
Fully Nested Mode (SFNM) of operation. This 
mode should only be used when multiple 82C59As 
are cascaded in a system. It needs only to be 


programmed in the Master 82C59A in the system. 
0: Special Fully Nested Mode is not selected. 


1: Special Fully Nested Mode is selected. 
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D3 - BUF. This bit tells the 82C59A whether or not the 
outputs from the data pins (DO - D7) will be 
buffered. If they are buffered, this bit will cause the 
SP/EN pin to become an output signal that can be 
used to control the “enable” pin on a buffering 
device(s). 


QO The device will be used in a non-buffered mode. 
Therefore, (1) the M/S bit in ICW4 is a don't care, 
and (2) the SP/EN pin becomes an tnput pin telling 
the device if It is being used as a master (pin 16 = 
High) or a slave (pin 16 = Low). For systems using a 
single 82C59A, the SP/EN input should be tied 
high 


1 The device is used tn buffered mode. An enable 
Output signal will be generated on pin 16, and the 
M/S bit will be used for determining whether the 
particular 82C59A is a “master” or a “slave”. 


D2-M/S This bit is of significance only when the BUF bit 
is set (BUF = 1). The purpose of this bit is to 
determine whether the particular 82C59A is being 
used as a “master” or a “slave” in the target 
system. 


O The 82C59A is being used as a slave 


1° The 82C59A ts the master interrupt controller tn 
the system 


D1 - AEO! This bit is used to tell the 82C59A to 
automatically perform a non-specific End-of-In- 
terrupt on the trailing edge of the last Interrupt 
Acknowledge pulse Users should note that when 
this is selected, the nested priority interrupt struc- 
ture Is lost 


QO Automatic End-of-Interrupt will not be generated. 


1 Automatic End-of-Interrupt will be generated on 
the trailing edge of the last Interrupt Acknowledge 
pulse 


DO - uwPM This bit tells the Interrupt Controller which 
microprocessor is being used in the system. An 
8080/8085, or an 80C86/80C88. 


0: The 82C59A will be used in an 8080/8085 based 
system. 


1 82C59A to be used in the 80C86/88 mode of 
operation. 


3.0 Operation Command Words 


Once the Initialization Command Words, described in the 
previous section, have been written to the 82C59A, the 
device ts ready to accept interrupt requests. While the 
82C59A Is Operating, we have the ability to select various 
options that will put the device in different operating 
modes, by writing Operation Command Words (OCWs) to 
the 82C59A. These OCWs can be sentatany time after the 
device has been initialized and in any order. These words 
can be changed at any time as well. Note: If AO =0 and D4 
of the command word = 1, the 82C59A will begin the ICW 
initialization sequence. 


There are three different OCWs for the 82C59A. Each has 
a different purpose. The first control word (OCW'1) is used 
for masking out interrupt lines that are to be inactive or 
ignored during operation. OCW2 is used to select from 
various priority resolution algorithms in the device. 
Finally, OCW ts used for (1) controlling the Special Mask 
Mode, and (2) telling the 82C59A which Register will be 
read on the next RD pulse; the ISR (In-service Register) or 
the IRR (Interrupt Request Register). 


3.1 OCW1: 


This control word is used to set or clear the masking of the 
eight (8) interrupt lines input to the 82C59A. This control 
word performs this function via the Interrupt Mask 
Register (IMR). In it’s initial state, the value of this register 
is OOH. In other words, all of the interrupt lines are 
enabled. Therefore, we need only write this control word 
when we wish to disable specific interrupt lines. 


A direct mapping occurs between the bits tn this control 
word and the actual interrupt pins on the device. For 
example bit 7 (D7) controls interrupt line IR7 (pin 25), bit6 
controls IR6, and so on. 


Ag O07 D6 


D5 Da 03 D2 O01 Do 


INTERRUPT MASK 
1= MASK SET 
0 = MASK RESET 


FIGURE 10. OCW1 FORMAT 


Even though the user can mask off any of the IR lines, any 
interrupt occuring during that time will not be lost. The 
request for an interrupt is retained in the IRR; therefore 
when that IR is unmasked by issuing a new mask value to 
OCW1, the interrupt will be generated when it becomes 
the highest requesting priority. 


D7 thru DO: 


0: When any of the bits in the control word are reset 
(0), the corresponding interrupt is enabled. 


1: By setting a bit(s) to a one in the control word, the 
corresponding interrupt line(s) is disabled. 


For example, if the value 34H (00110100b) were written to 
OCW1, interrupts would be disabled from being serviced 
on lines IR2, IR4 and IR5. 


3.2 OCW2: 


In |CW4 bit D1 was used to specify whether the 82C59A 
should wait for an EOI (End of Interrupt) from the CPU, or 
generate its own EO! (Automatic EOI) . If bit D1 of ICW4 
had been programmed to be azero, OCW2 would be used 
for sending the EO! to the 82C59A. Conversely, if this bit 
had been set to a one, OCW2 would be used for specifying 
whether or not the 82C59A should perform a priority 
rotation on the interrupts when the AEO! is detected. 
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OCW2 has several EOI options. The EOI issued can be 
either specific or non-specific. For each of these EO ls, the 
user can specify whether or not priority rotation should be 
performed. 


D7 D6 DS D4 D3 D2 D1 DO 
projec} oj of zfur| io 
FIGURE 11. 


R, SL, and EOI!: 


These three bits are used for specifying how the device 
should handle AEOls, or for issuing one of several 
different EOls. They are programmed as shown in the 
following table: 


TABLE 4. ROTATE AND EO! MODES 
SL EOI 


Non-specific EO! command 

* Specific EO] command 
Rotate on non-specific EOI command 
Rotate in Automatic EOI mode (set) 
Rotate in Automatic EOI mode (clear) 
Rotate on specific EO! command 

* Set priority command 

* No operation 


*LO - L2 are used 


L2, Li, and LO: 


These three bits of the control word are used in 
conjunction with the issuance of specific EOls or when 
specifically establishing a different priority structure. The 
bits tell the 82C59A which interrupt level is to be acted 
upon. Therefore, the software needs to know which 
interrupt is being serviced by the 82C59A. 


TABLE 5. INTERRUPT LEVEL TO ACT UPON 

12 L1 LO 

0 0 0 IR level 0 
0 0 q IR level 1 
0 1 0 IR level 2 
0 1 1 IR level 3 
1 0 0 IR level 4 
1 0 1 IR level 5 
1 1 0 IR level 6 
1 1 1 IR level 7 


3.3 OCW3: 


There are two main functions that OCW3 controls: (1) 
Interrupt Status, and (2) Interrupt Masking. Interrupt 


status can be checked by looking at the ISR or IRR 
registers, or by issuing a Poll Command to manually 
identify the highest priority interrupt requesting service. 


D7 D6 D5 D4 D3 D2 ODI DO 
[2 [eso] o T+ [+ [an [re 
FIGURE 12. 


D7: Must be set to zero for proper operation of the 
82C59A. 


D6 - ESMM: Enable Special Mask Mode - The ESMM bit 
when enabled allows the SMM bit to set or clear 
the Special Mask Mode. When disabled, this bit 
causes the SMM bit to have no effect on the 
82C59A. 


0: Disables the effect of the SMM bit. 


1: Enable the SMM bit to control the Special Mask 
Mode. 


D5 - SMM: Special Mask Mode - The SMM bit is used to 
enable or disable the Special Mask Mode. This bit 
will only affect the 82C59A when the ESMM bit is 
set to 1. 


0: Disable the Special Mask Mode. 
1: Put the 82C59A into the Special Mask Mode. 


D4, D3: These bits are used to differentiate between 
OCW2, OCWS3 and ICW1. To properly select 
OCW3, D4 must be set to zero and D3 must be set 
to one. 


D2 - P: Poll Command - This bit is used to issue the poll 
command to the 82C59A. The next read of the 
82C59A will cause a poll word to be returned 
which tells if an interrupt is pending, and if so, 
which is the highest requesting level. 


NOTE The poll command must be issued each time the poll op- 
eration ts desired. 


0: No poll command _§ issued 
1: Issue the poll command. 


to the 82C59A. 


D1 - RR: Read Register - This bit is used to execute the 
“read register” command. When this bit is set, the 
82C59A will look at the RIS bit to determine 
whether the ISR or IRR register is to be read. When 
issuing this command, the next instruction 
executed by the CPU should be an input from this 
same port to get the contents of the specified 
register. 


0: No “Read Register” command will be performed. 


1: The next input instruction by the CPU will read 
either the contents of the ISR or the IRR as 
specified by the RIS bit. 
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DO - RIS: This bit is used in conjunction with the RR bit to 
select which register is to be read when the “Read 
Register” command is issued. 


0: The next input instruction will read the contents of 
the Interrupt Request Register (IRR). 


1: The next input instruction will read the contents of 
the In-Service Register (JSR) 


The two registers that can be accessed through the Read 
Register command are used to determine which 
interrupts are requesting service, and which one(s) are 
currently being serviced. 


The IRR bits get set when corresponding Interrupt 
requests are received. For instance, when |IR4 is detected, 
bit D4 of the IRR will get set. When an interrupt 
acknowledge comes back from the CPU, the priority 
resolution logic will determine which interrupt request 
will be serviced. The corresponding bit in the In-service 
Register (ISR) will then be set. Clearing of the correct bits 
in the ISR occurs through out use of the AEOI, or by 
issuing an EOI to the device. 


4.0 Addressing the 82C59A 


There are two factors that must be taken into account 
when addressing the 82C59A in a system. To begin with, 
the 82C59A is accessed only when the CS pin (chip 
select) sees an active signal (low). This signal ts 
generated using control circuitry in the system. Secondly, 
the various registers within the 82C59A are selected 


based upon the state of the AO (address pin) as well as 
specific bits in the command words (1.e for |CW1, OCW2, 
and OCWS AO must be a zero). 


The circuit in Figure 13 shows that the CS signal is 
generated using an HPL-82C338 Programmable Chip 
Select Decoder (PCSD). This device is being used as a 
3-to-8 decoder. Note that the G1 input is active high and 
G2 thru G5 have been programmed to be active low. The 
A, B, and C inputs to the 82C338 correspond to address 
lines AD2, AD3 and AD4 respectively, from the 80C88. 
The AO input to the 82C59A is also taken from the CPUs 
address bus; ADO is used. It should be noted that address 
line AD1 from the 80C88 is not being used in the 
addressing of this particular peripheral. This is done to 
allow other peripheral devices that require two address 
inputs for internal register selection, to use address lines 
ADO and AD1 from the processor. 


Because the AD1 address line from the 80C88 Is not being 
used, the 82C59A will be addressed regardless of whether 
AD1 1s high or low (1 or 0). The remainder of the address 
lines from the 80C88 can either be a zero or one when 
addressing the 82C59A. For the examples to be 
presented, it can be assumed that all unused address lines 
will be set to zero when addressing the 82C59A. 


In Figure 13, output Y6 from the HPL-82C338 is being 
used as the CS input to the 82C59A. This line is enabled 
when the inputs on A, B, andC are: A=0,B=1,andC =1. 
Combining this with the AO input to the 82C59A, we get 
the addresses 18H and 19H for accessing the 82C59A. 


80088 DATA BUS 


80C88 
CONTROL 
BUS 


AD4 AD3 AD2 


80C88 ADDRESS BUS 


82C59A 


vcc 


2KQ 


ADO 


FIGURE 13. ADDRESSING THE 82C59A 
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5.0 Programming the 82C59A 

As described earlier, there are two different types of com- 
mand words that are used for controlling 82C59A operation; 
the Initialization Command Words (ICWs) and the Operation 
Command Words (OCWs). To properly program the 
82C59A, it is essential that the ICWs be written first. When 
writing the ICWs to the 82C59A, they must be written in the 
following sequence: 


(1) Write ICW1 to the 82C59A, AO = 0. 
(2) Write ICW2 to the 82C59A, AO = 1. 


(3) If using cascaded 82C59As in system, write ICW3 to the 
82C59A, AO = 1. 


(4)If IC4 bit was set in ICW1, write ICW4 to the 82C59A. 


NOTE: When using multiple 82C59As in the system (cascaded), 
each one must be initialized following the above sequence. 


Once the 82C59A(s) has been configured through the ICWs, 
the OCWs can be used to select from the various operation 
mode options. These include: masking of interrupt lines, 


80C86 ADDRESS BUS 


selection of priority rotation, issuance of EOls, reading of the 
ISR andsor IRR, etc. These OCWs can be written to the 
82C59A at any time during operation of the 82C59A. The 
various command words are identified by the state of 
selected bits in the words, rather than by the sequence that 
they are written to the 82C59A; as with the ICWs. Therefore, 
it is imperative that the fixed bit values in the command 
words be written as such to insure proper operation of the 
device(s). 


5.1 Example 1: Single 82C59A 


in Example 1, we are using a single 82C59A in a system to 
handle the interrupts caused by an 82C52 Programmable 
UART. The system is driven using an 80C86 Microprocessor. 
The system configuration is shown in Figure 14. 


Interrupts are initiated by the 82C52 anytime it receives data 
on its Serial Data In pin (SDI), or when it is ready to transmit 
more data via its Serial Data Out pin (SDO). 


82C59A 


80C86 DATA BUS 


FIGURE 14. EXAMPLE 1: SINGLE 82C59A 


7-26 


Application Note 109 


5.2 Example 2: Cascaded 82C59As 


Example 2 illustrates how we can use multiple 82C59As in the 82C52 UART. Except for the fact that this system is con- 
Cascade Mode. Figure 15 shows the interconnections figured with a Master-Slave interrupt scheme, it is the same 
between the master and slave interrupt controllers. In this as that in Example 1. 

example, only one interrupt can occur. This is generated by 


INTA 
MASTER 
82C59A SLAVE 82C59A 
ADO ADO 
ADI 
vcc 
AD2 
AD3 
AD4 


i 


DECODER 


FIGURE 15. EXAMPLE 2: CASCADED 82C59As 


APPLICATION 
NOTES 
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6.0 Expansion Past 64 Interrupts 

In some instances, it may be desirable to expand the number 
of available interrupts in a system past the maximum of 64 
imposed when using cascaded 82C59As. The easiest way 
to accomplish this is through the use of the Poll command 
with the 82C59A. Figure 16 illustrates one example of how 
this expansion can be accomplished. Notice that we are 
using two 3-to-8 decoders to address up to 16 82C59As. 
Selection of which decoder is active takes place using the 
OE pin driven by AD5 from the CPU’s address bus. 


With this type of interrupt structure, we are not using the INT 
and INTA lines from our processor (80C88 for this example). 
Because of this, no interrupts will break execution of the sys- 
tem software. Therefore, it is the task of the software to poll 


DECODER 


AD2-AD4 


AD5 


DECODER 


the various 82C59As in the system to see if any interrupts 
are pending. Once it has been established which interrupt 
requires servicing, the software can take appropriate action. 


There are disadvantages to using the poll mode for the sys- 
tems interrupt structure: (1) the overhead of polling each of 
the 82C59As reduces the systems efficiency, and (2) real- 
time interrupt servicing cannot be guaranteed. 


There are several advantages to using the poll mode in this 
manner: (1) there can be more than 64 priority interrupts in 
the system, and (2) memory in the system is freed because 
no interrupt vector table is required. 


82C59A 
Leela 7 IRO-1R7 
82C59A 
am 3 IRO-IR7 
82C59A 
4 3 IRO-iR7 
82C59A 
IRO-IR7 
8 
82C59A 
3 IRO-IR7 


ADO 


FIGURE 16. EXPANDING PAST 64 INTERRUPTS 
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The Harris 80C 286, operating at the same frequency as the 
80386, has performance advantages over the 80386 when 
executing 16-bit industry standard 80C86 or 80C286 
code. This is evident in the following areas: 


(1) Input/Output Handling 

(2) Interrupt Handling 

(3) Control Transfer (Loop, Jump, Call) 

(4) 286 Protected Mode Systems 

(5) Multi-Tasking and Task Switching Operations. 


This advantage is due to the 80C286 requirement of fewer 
clock cycles to execute the same instructions. In addition to 
these areas, the 80C286 executes many other instructions 
in the same number of clock cycles as the 80386. 


This results in an 80C286 performance advantage in areas 
including: 


¢ Multi-Tasking Systems. 


e Control Applications — utilizing interrupt and I/O 
instructions. 


e Structured Software — utilizing many Control transfer 
instructions. 


¢ Operating Systems that rely on interrupts to perform 


functions. Figure 1 illustrates a comparison of the number of clock rs 
© Upgrading 16-bit 80C86 applications for increased Cycles needed to execute several instructions available on — wo 
performance. all three microprocessors (80C86, 80C286, and 80386). 5 § tu 
This illustrates the dramatic effect of 80C286 architectural © Oo 
The 80C286 can be effectively used as a fast 80C86. How- enhancements on performance when compared to the =~ = 
ever, the 80386 is nota fast 80C 286. This study shows that 80C86 and the lack of similar performance improvement = 


software written for the 80C86/80C286 can execute more 
efficiently on the 80C286 than on the 80386. There is no 
significant performance advantage to be gained by simply 
moving a system design from an 80C286 to an 80386 at 
either 16MHz or 2OMHz. The 80C286 is the processor best 
suited for executing 16-bit 80C86/80C286 code, which 
represents the world’s largest base of microprocessor 
software. 


Architecture Background 


The 80C286 Harris’ newest static CMOS microprocessor 
combines low operating and standby power with high 
performance. The Harris 80C286 is available in speeds of 
12.5MHz, 16MHz, 20OMHz and 25MHz. 


The 80C286 evolved from the industry standard 80C86 
microprocessor. The 80C286 has vast architectural 
enhancements over its predecessor that allow the 80C286 
to execute the same code with a significant performance 
increase. Disregarding the clock speed increase, when 
upgrading from an 80C86 to an 80C 286, the 80C286 can 
execute the same code with an increase in throughput of up 
to 4 times that of the 80C86. This increase is solely due to 
the architectural enhancements. 


it is a common belief that replacing an 80C286 with the 
32-bit 80386 microprocessor will yield similar perform- 
ance increases. This is not the case. The new architecture 
gives the 80386 32-bit capability and increased protection 
features, but it does not significantly increase the through- 
put of 16-bit 8086 or 80286 code. In most cases, when 
executing industry standard 8086 or 80286 code, 
replacing the 80C286 with an 80386 does not result in a 
significant performance increase. In some cases, such a 
replacement will actually cause a performance degradation. 


when executing 8086/80286 code on the 80386. 


With an 80C86 to 80C286 upgrade, system designers 
can execute existing 8086 code on the 80C286 and 
take advantage of an immediate performance upgrade. 
This same benefit is not realized when switching from 
an 80C286 to an 80386. This comparison illustrates 
that changing from an 80C286 to an 80386 does 
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FIGURE 1. 


not yield increased throughput when executing the same 
industry standard 80C86/80C286 code (the world’s largest 
base of microprocessor software). 


Instruction Comparison 


The Appendix in this document illustrates a direct compari- 
son of the number of clock cycles needed to execute the 
same instructions on the 80C286 and the 80386. The table 
includes examples of instruction timing for all instructions 
available on both processors. Several addressing modes of 
each instruction type are included. 


Of the 190 instruction examples analyzed, 74 of the instruc- 
tions execute faster on the 80C286 than on the 80386; 66 
of the instructions analyzed execute in the same number of 
clock cycles on both processors. This leaves only 50 in- 
structions with improved performance on the 80386 (See 
Figure 2). Over 70% of the instructions analyzed execute as 
fast or faster on the 80C286 than on the 80386. | 


80C286 


FASTER THAN 
80386 
80C286 BS S66 505, 
EQUAL TO | 66 | S505 
80386 Spae 
FASTER THAN 
80C286 


FIGURE 2. EXECUTION SPEED COMPARISON 
(NUMBER OF INSTRUCTIONS) 
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ARCHITECTURAL COMPARISON 


This is vastly different than the previous 86-286 upgrade. 
With that upgrade, the 80C286 exhibits equal or better per- 
formance than the 80C86 with 100% of the instructions. 
This clearly indicates that the 80C286 is the processor best 
suited for executing industry standard 8086 family code. 


The following discussion groups each of the instructions 
into one of several categories to analyze which applications 
will benefit from utilizing the 80C286. The categories used 
are: 


e Jumps, Calls, Returns and Loops (Real Mode). 


1/O Instructions. 


Logic, Arithmetic, Data Transfer, Shift and Rotate 
Instructions. 


Interrupts. 


Misceilaneous Instructions. 


e Protected Mode/Multi-Tasking Instructions. 


Jumps, Calls and Loops 


In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the 
same number of clock cycles to execute on the 80C286 
and the 80386. Since the segment sizes are larger on the 
80386, the near transfer instructions on the 80386 can 
transfer a greater distance. 


The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C 286: four clocks and one clock respectiviey. The far 
return instruction executes in three less clock cycles on the 
80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
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on the 80C286 and are discussed in the section on 
Protected Mode. 


| The loop instruction is three clock cycles faster on the 
80C286 than the 80386. Thus, the 80C286 would save 300 
clock cycles over the 386 if a LOOP instruction were 


executed 100 times. 
— ADVANTAGE — 


INSTRUCTION 


Near JMP and CALL 
Far CALL, JMP and RET 
LOOP xX 


l/O Instructions 


The 80C286 has a significant advantage with the I/O 
instructions. The IN instruction is almost 2 1/2 times faster 
on the 80C286; the 80386 takes 7 extra clock cycles to ex- 
ecute the same instruction. The OUT instruction is over 3 

times faster on the 80C286; again the 80386 takes 7 extra 
| clock cycles to execute the same instruction. Executing the 
I/O instructions on the 80386 is equivalent to executing on 
the 80C286 with 7 wait states. 


The string I/O instructions (INS and OUTS) are also signifi- 
cantly faster on the 80C 286. The INS instruction is 10 clock 
cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly important if the string 
operations are going to be used to input or output a large 
block of data using the REP prefix. Inputing 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputing 100 words with the REP OUTS 
instruction. In this case, the 80C286 is 800 clock cycles 
faster than the 80386. 


— ADVANTAGE — 


[socae6 [ None | 20366 | 


INSTRUCTION 


Logic, Arithmetic, Data Transfer, Shift 
and Rotate Instructions 


Most forms of the logic, arithmetic, and data transfer 
instructions execute in the same number of clock cycles on 
both processors. Certain operand combinations of these 
instructions (immediate to register for example) take one 
extra clock cycle to execute on the 80C286. 


In real mode, the segment register transfer instructions 
execute as fast or faster on the 80C286 than they do on the 
80386. For example, using the POP instruction to transfer 
data into a segment register is 2 clock cycles faster on the 
80C 286. 


Most of the string manipulation instructions execute in the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 


The divide instruction executes in the same number of clock 
cycles on both processors. The number of clocks to 
execute the multiply instruction on the 80386 is data 
dependent; the number of clocks to execute the same 
instruction on the 80C 286 is fixed. On average, the multiply 
instruction is five clock cycles faster on the 80386, but 
depending on the data, the 80386 could be as many as 4 
clock cycles slower than the 80C 286. 


The rotate and shift instructions are faster on the 80386. 
Unlike the 80C286, the 80386 rotate and shift instructions 
do not depend on the number of bits to be shifted or rotated. 
Thus, the 80386 has the advantage with multi-bit rotate and 
shift instructions. The 80C286 does, however, execute 
single bit rotate and shift instructions faster. 


— ADVANTAGE — 


INSTRUCTION goc286 | NONE | 80386 
MostLogicand Arithmetic | = |X | 


ot ES 


a 


Certain Operand 
Combinations of Logic 
and Arithmetic 


Multiply 


String Instructions 


oe 
on 


Interrupt Instructions 


Interrupts are serviced more quickly on the 80C286. The 
INT instruction, in real mode, executes 14 cycles faster on 
the 80C 286 than it does on the 80386. The INTO, BOUND, 
and other instructions that can cause an interrupt all benefit 
from the faster interrupt handling features of the 80C286. 
The return from interrupt instruction (IRET) is 7 clock cycles 
faster on the 80C286. The PUSHA and POPA instructions, 
frequently used by interrupt handling procedures, are both 
faster on the 80C286. Protected Mode interrupt handling is 
discussed in the Protected Mode section. 


— ADVANTAGE — 
| INSTRUCTION 80C286 sosse | 


[NONE 
Cee is. ee eee a 
[wo x PT 
feounerimens fx ff 
2 Oe ee 


Break Point Interrupt 
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Miscellaneous Instructions 


The BCD instructions, HLT, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWD instruction all 
execute in the same number of cycles on both processors. 
The ENTER, LEAVE, and BOUND instructions are from 1 to 
3 cycles faster on the 80386. The BOUND instruction is 
only faster if an interrupt is not caused by the instruction. 


— ADVANTAGE — 
80C286 | NONE 80386 


X 


Protected Mode/Multi-Tasking 


When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386. Task switching oper- 
ations execute 100 to 113 clock cycles faster on the 
80C286. The instruction to return from a called task is 63 
clock cycles faster on the 80C286. This results in a very 
significant performance increase for systems utilizing the 
multi-tasking features. 


pee! 


Inter-segment JMP, CALL and segment loading instruc- 
tions also operate faster on the 80C286. The 80C286 saves 
anywhere from 4 to 11 clock cycles depending on the 
particular inter-segment transfer instruction. In protected 
mode, the inter-segment return is also faster on the 
80C286. The 80C286 is 7 clock cycles faster when execut- 
ing an inter-segment return to the same privilege level and 
is 13 cycles faster on inter—segment returns to a different 
privilege level. 


The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C286. The 
instruction to switch the processor to protected mode 
(LMSW) is 7 cycles faster on the 80C286. 


80C286 
CLOCK CYCLES 


CK_STATUS: 


Most of the 80286 protected mode access checking 
instructions operate as fast or faster on the 80C286 than on 
the 80386. The LAR instruction is one clock cycle faster on 
the 80C286 and the LSL instruction is 5 clock cycles faster. 
The VERW instruction executes in the same speed on both 
processors and the VERR is 5 cycles faster on the 80386. 
The ARPL instruction used in protected mode procedures 
for pointer validation is 10 clock cycles faster on the 
80C286. 


— ADVANTAGE — 
INSTRUCTION 80C286 80386 


Tenswore |x 
Seong |x 
meeoneTanr |X 
Senteernaneow| | 
oe 
ot 


Access Checking 
Instructions 

This section lists several subroutines and then compares 

the number of clock cycles each subroutine will take to exe- 

cute on the 80C286 and on the 80386. 


EXAMPLE 1 


X 
X 
X 
X 


Subroutine Analysis 


This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output. The routine first checks the status of the UART to 
determine if it is busy. If it is busy, the routine loops until the 
UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock clycle analy- 
sis for the OUT__CHAR routine. 


This sample procedure executes about 25% faster on the 
80C286 than on the 386. The advantage is realized through 
the 80C286’s faster interrupt handling and faster 1/O 
instructions. 


80386 
CLOCK CYCLES OUT_._.CHARACTER PROC NEAR 


PUSHF 

PUSH AX 

IN AL, PORT_.STATUS 
CMP AL, BUSY 

JE CK_STATUS 

POP AX 

OUT OUT__PORT, AL 
POPF 

IRET 


INT x 


; save Callers flags. 

; save data to be output. 
; Input UART status. 

; Check If UART Busy 

; If busy go check again. 
; If not busy restore AX 

; and output data. 

; Restore Flags 

; Return. 


; Instruction to initiate OUTCHAR 
; Interrupt. 


Total cycles if UART not busy. 
Number of cycles added for each loop while UART is busy. 


EXAMPLE 1 
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EXAMPLE 2 


The second example outputs an entire string of characters 
using the previous interrupt routine (denoted by “INT x” in 
the code below). The DS:SI registers point to the beginning 


of the string to be output. The string is variable in length and 
must be terminated with the “$°’ character. 


80C286 80386 
CLOCK CYCLES CLOCK CYCLES OUT__STRING PROC FAR 


18 

5 

2 

3/7 3/7 
73 104 
7 rs 

19 24 
15 18 


13 17 


79+91/char 


91+121/char 


PUSHA 
LODSB 
CMP AL, “$” 
JE done 

INT x 


; save Caller’s registers. 

; Load first char to be output. 

; Check to see if End of string. 

; lf end then goto DONE. 

; If not end output character. 
JMP next : Go get next char to output. 
POPA ; Restore Registers when done. 
RET ; Far Return. 


Call OUT__STRING 


; Far Call to initiate 
; OUT__STRING procedure. 


Total number of clocks to start and end routine. 


+Number of additional clocks to output each character in the output string 


To output a string of 20 characters, the 80C286 would take 
1,899 clock cycles; using the same routine, the 80386 
would take 2,511 cycles. Each time a string of 20 charac- 
ters is output, the 80C286 will save 612 clock cycles; an 


EXAMPLE 3 


This example adds ali the values of a source array in 
memory to the values of a destination array in memory. The 
result is stored in the destination array. Both arrays are 
assumed to be in the current data segment. The count 


17 18 
2 2 
5 4 
5 4 
5 4 
2 2 
5 5 NEXT: 
7 7 
3 2 

8/4 11 

19 24 

11 10 


3 
3 2 
7 7 


84+(23*CX)—4 84+(25*CX) 


Both processors take the same number of clock cycles for 
initialization before the call and closing up after the call (84). 
The loop that does the adding is faster on the 80C286. To 
add two 100 word arrays, the 80C286 would take 2,380 


80C286 80386 
CLOCK CYCLES CLOCK CYCLES ADD__ARRAY PROC NEAR 


; Following is the code necessary to set up and call t 


Total number of clocks to start and end routine. 
+Number of additional clocks for each item in array to be added. 


80C286 performance increase of almost 25%. The advan- 
tage is realized through the 80C286’s faster interrupt handi- 
ing, faster |/O instructions, faster FAR transfer instructions 
and faster register saving and restoring instructions. 


(number of words in the array), offset of source array, and 
offset of destination array are all assumed to be placed on 
the stack (in that order) by the calling program. The source 
code for the procedure is listed below: 


PUSHA ; Save caller’s registers. 

MOV BP, SP ; Point BP to current stack 

MOV CX, [bp+22] ; Load array size from stack 
; into CX. 


MOV SI, [bp+20] ; Load offset of source array 
; from stack into SI. 
; Load offset of destination 


; array from stack into DI. 


MOV DI, [bp +18] 


CLD ; Clear Direction Flag. 

LODSW ; Load the source word into AX. 

ADD [DI], AX ; Add source to destination. 

ADD DI, 02 ; Point Di to next data. 

LOOP NEXT ; Continue to ADD all elements 
: in the two arrays. 

POPA ; Restore Registers 

RET 6 ; Near return. 


he above procedure. 


PUSH count ; Put count parameter on stack 


PUSH offset S_ARRAY ; Put offset of source array 
>on stack. 

PUSH offset D_ARRAY ; Put offset of destination 
; array on stack. 

CALL ADD__ARRAY ; Near Call to initiate 
; ADD__ARRAY procedure. 


clock cycles; the 80386 takes 2,584 (an additional 204 
clocks) to execute the same routine. In this example, the 
LOOP instruction gives the 80C286 the performance 
advantage over the 80386. 
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EXAMPLE 4 


This procedure is an example of an operating system 
procedure developed for a protected mode multi-privilege 
level system. The procedure INIT_SEGMENT is passed a 
segment selector on the stack and will load that entire 
segment with zero’s. The procedure is designed to execute 
at privilege level zero with a call gate at privilege level 3; this 


80C286 80386 
CLOCK CYCLES CLOCK CYCLES 


PUSHA 

PUSH ES 

MOV BP, SP 
MOV AX, [BP+22] 


MOV BX, [BP+20] 


ARPL AX, BX 


VERW AX 
JNE ERROR 
MOV ES, AX 


LSL CX, AX 
XOR DI, Dl 
XOR AX, AX 
CLD 

REP STOSB 
CLC 


4+3%*cx 5+5*cx 
2 2 


POP ES 
POPA 
RET 2 
STC 


ERROR: 


allows procedures executing at any level to utilize the 
INIT_SEGMENT procedure. INIT_SEGMENT provides 
protection checks to ensure that the procedure passing the 
parameter has valid access to the segment that it is trying to 
initialize. This prevents a procedure at privilege level three 
from initializing a segment at privilege level zero. 


INIT_SEGMENT PROC FAR WC=1 


; save caller’s registers. 

; save ES register. 

; Point BP to top of stack. 

; Load AX with segment selector 
; passed as parameter on stack. 
; Load BX with return CS to 

; determine caller's CPL. 

; Adjust the Privilege level of 

; the segment selector according 
; to the caller’s CPL. 

; Test for valid write access 

; If no valid access goto error. 

; LOAD ES with segment to be 

; initialized. 

; Load segment size into CX. 

; Load zero into Di. 

; Load zero into AX. 

; Clear decrement flag. 

; Init entire segment to 00. 

; Clear carry to indicate segment 
; initialized with no errors. 

; Restore ES register. 

; Restore Register 

; Ret FAR to different privilege 

; SET carry to indicate error. 


JMP DONE 
; Code to push selector on stack and initiate INIT SEGMENT via call gate. 


PUSH DATA__SELECTOR 
CALL INIT_SEGMENT__GATE 


253 
283+(3*S) 


283 
321+(5*S) 
in bytes. 


This example shows that when executing instructions used 
for privilege verification and privilege level transitions the 
80C286 is faster than the 80386. Without taking the LODS 
instruction into account, the 80C286 is 38 clock cycles 


; Place Selector on stack. 
: Instruction to initiate 
; INIT SEGMENT procedure. 


Total clocks if ERROR because segment not accessible. 
Total number of clocks if segment is initialized to zeros. “S” represents size of segment 


faster when executing the same procedure. With the LODS 
instruction, and assuming a segment size of 100 bytes, the 
80C286 would execute this routine 238 clock cycles faster 
than the 80386. 
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EXAMPLE 5 


This Procedure is a task dispatcher that is invoked via an 
interrupt to cause a task switch to occur. This procedure 
utilizes a, circular linked list of the tasks that need to be 
executed. A pointer called “CURRENT__TASK” points to 
the data structure for the current task being executed. The 
data structure contains the TSS for the task it is describing 
and a NEXT field that points to the data structure of the next 
task in the list to be executed. When the Task Dispatcher is 
invoked it switches the current pointer to the next task in the 


TSS1_ SEL 
NEXT_PTR 


CURRENT_ TASK —> 


80C286 
CLOCK CYCLES 


START: 


MOV CURRENT TASK, BX 


JMP DWORD PTR [BX-2] 


JMP START 


The advantage of the 80C286 in this case is in the faster 
task switch instruction. The task switch instruction is 101 
Clock cycles faster on the 80C286 than on the 80386. This 


list and then invokes the new task by jumping to the TSS for 
that task. The data structure for the linked list is illustrated 
below. 


The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following is a listing for the simple task 
dispatcher. 


TSS3_. SEL 
NEXT_PTR 


TSS2_. SEL 
NEXT_PTR 


80386 
CLOCK CYCLES TASK__DISPATCH PROC FAR 


MOV BX, CURRENT TASK + 2 


; Load BX with contents of next 


; field of current TASK. BX will 

; contain the address of the data 

; structure for next task to run. 

; Update Current Task to point to 

; new task to be executed. 

; Start new task by jumping to TSS 
; for new task. 

; JUMP to start for next time the 

; TASK dispatcher is invoked. 


performance increase makes the 80C286 the clear choice 
for muti-tasking applications. 


7-35 


APPLICATION 


NOTES 


Application Note 117 


Appendix 


This appendix contains a table directly comparing the num- 
ber of clock cycles necessary to execute all the instructions 
available on both the 80C286 and the 80386. The table 
includes several addressing modes of each instruction. 


The table has five columns. The first column list the instruc- 
tion being compared. The second column lists the number 
of clock cycles that the 80C286 needs to execute that 
instruction. The third column lists the number of clock 
cycles needed by the 80386 to execute the same instruc- 


NUMBER 
CLOCKS TO 
EXECUTE 
ON 80C286 


80C286 INSTRUCTION 


ADC reg, reg 

ADC mem, reg 

ADC reg, immed 

ADC mem, immed 

ADD reg, reg 

ADD mem, reg 

ADD reg, immed 

ADD mem, immed 

AND reg, reg 

AND mem, reg 

AND reg , immed 

AND mem, immed 

ARPL reg, reg 

ARPL mem, reg 

BOUND (no interrupt) 

CALL immed (near) 

CALL immed (far real mode) 
CALL immed (far PVAM) 

CALL gate (same privilege PVAM) 
CALL gate (different privilege PVAM) 
CALL TSS (Task Switch PVAM) 
CALL task__gate (Task Switch PVAM) 
CBW 

CLC 

CLD 

CLI 

CLTS 

CMC 

CMP reg, reg 

CMP mem, reg 

CMP reg, immed 

CMP mem, immed 

CMPS 

CWD 


tion. The fourth column divides the number of cycles 
needed by the 80386 by the number of cycles needed by 
the 80C286. If this figure is greater than one, (see fifth 
column) then the 80C286 is faster than the 80386. For 
example, a 2.0 would indicate the 80C286 executes the 
same instruction twice as fast as the 80386. A 1.0 indicates 
that both processors execute the instruction in the same 
number of cycles. A number less than one indicates the 
80386 is faster than the 80C286. 


80C286 
FASTER 
THAN OR 
EQUAL TO 
80386 


NUMBER 
CLOCKS TO 
EXECUTE 
ON 80386 


80386/ 
80C286 


NONDNMONONDNNWDONN WOO AW 
NDMONDMONDONDONDYONN AN OO A 
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—h 
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Appendix (Continued) 


80C286 


NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386/ EQUAL TO 


80C286 INSTRUCTION ON 80C286 ON 80386 80C286 80386 


DAA 
DAS 
DEC reg 

DEC mem 

DIV word, reg 

DIV word, mem 

ENTER immed?1, immed2 (immed 2 = 6) 
HLT 

IDIV word, reg 

IMUL word, mem 

IN 

INC reg 

INC mem 

INS 

INT 3 (real mode) 

INT immed (real mode) 

INT immed (PVAM same privilege) 

INT immed (PVAM different privilege) 
INT TASK__GATE (PVAM Task Switch) 
INTO (No Jump) 

INTO (Yes Jump real mode) 

IRET (real mode) 

IRET (PVAM same privilege) 

IRET (PVAM different privilege) 

IRET (PVAM task switch) 

Jcond label (No jump) 

Jcond label (Yes jump) 

JMP near__label 

JMP Far__label (real mode) 

JMP FAR__LABEL (PVAM) 

JMP CALL__GATE (PVAM same privilege) 
JMP TASK__GATE (PVAM task switch) 
JMP TSS (PVAM task switch) 

LAHF 

LAR reg 

LAR mem 

LDS (real mode) 
LDS (PVAM) 
LEA 

LEAVE 

LGDT 

LIDT 

LLDT reg 

LLDT mem 
LMSW reg 
LMSW mem 
LODS 

LOOP (Jump) 
LOOP (No Jump) 


NOTES 


WN ANNES SNARES NS VN NOR NRN ONS. ONO ONS. COS SEN 
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80C286 INSTRUCTION 


LSL reg 
LSL mem 

LTR reg 

LTR mem 

MOV reg, reg 

MOV mem, reg 

MOV reg, immed 

MOV mem, immed 

MOV seg__reg, reg (real mode) 
MOV seg__reg, mem (real mode) 
MOV seg__reg, reg (PVAM) 
MOV seg__reg, mem (PVAM) 
MOVS 

MUL reg 

NEG reg 

NEG mem 

NOP 

NOT reg 

NOT mem 

OR reg, reg 

OR mem, reg 

OR reg, immed 

OR mem, immed 

OUT 

OUTS 

POP reg 

POP mem 

POP seg__reg (real mode) 
POP seg__reg (PVAM) 

POPA 

POPF 

PUSH reg 

PUSH mem 

PUSH seg__reg 

PUSHA 

PUSHF 

RCR or RCL reg, 1 

RCR or RCL men, 1 

RCR or RCL reg, cl (cl = 4) 
RCR or RCL mem, cl (cl = 4) 
RCR or RCL reg, 4 

RCR or RCL mem, 4 

ROR or ROL reg, 1 

ROR or ROL mem, 1 

ROR or ROL reg, cl (cl = 4) 
ROR or ROL mem, cl (cl = 4) 
ROR or ROL reg, 4 
ROR or ROL mem, 4 


Application Note 117 


NUMBER 
CLOCKS TO 
EXECUTE 
ON 80C286 


mah, 


ooh 


=k 


=o 


om 


awk, 


N 


NOON ONNDNONONNWAND ATUHAGAGONCDAATAAN AN NN DM ON PD 


7-38 


NUMBER 
CLOCKS TO 
EXECUTE 
ON 80386 


Sa’ 


ach 
NaNO WANMNMNN NY 


—k ak 


NO 
AANA A RLONDND DNDN W O 


Le) 


— — — 
NON WDNWODODOQOAOARANAN A 


—h 


THAN OR 
EQUAL TO 


80C286 
FASTER 


80386 


SS NK ASNWNNS ON UOUNRANN SS 


SN NS NNN SR SS SVS CACNSS 


Application Note 117 


Appendix (Continued) 


80C286 


NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386/ EQUAL TO 


80386 


80C286 INSTRUCTION ON 80C286 ON 80386 80C286 


REP INS (cx = 100) 
REP MOVS (cx = 100) 

REP OUTS (cx = 100) 

REP STOS (cx = 100) 

REP CMPS (cx = 100) 

REPE CMPS (N = 100) 

REPE SCAS (N = 100) 

RET (near) 

RET (far real mode) 

RET (far PVAM same privilege) 
RET (far PVAM different privilege) 
SAHF 

SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 
SHIFT mem, 1 

SHIFT reg, cl (cl = 4) 

SHIFT mem, cl (cl = 4) 

SHIFT reg, 4 

SHIFT mem, 4 

SBB reg, reg 

SBB mem, reg 

SBB reg, immed 

SBB mem, immed 

SCAS 

SGDT 

SIDT 

SLDT reg 

SLDT mem 

SMSW reg 

SMSW mem 

STS 

STD 

STI 

STOS 

STR reg 

STR mem 

SUB reg, reg 

SUB mem, reg 

SUB reg, immed 

SUB mem, immed 

TEST reg, reg 

TEST mem, reg 

TEST reg, immed 

TEST mem, immed 

VERR reg 

VERR mem 

VERW reg 
VERW reg 


wh 
—_h 


_ 
oa 


NO 
on 
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Appendix (Continued) 


80C286 INSTRUCTION 


WAIT 

XCHG reg, reg 
XCHG reg, mem 
XLAT 

XOR reg, reg 


XOR mem, reg 
XOR reg, immed 
XOR mem, immed 


TOTAL number clocks to execute all instructions 
AVERAGE 


Number of Instructions faster on 80C286 
Number of Instructions equal on both processors 
Number of Instructions faster on 80386 


Total Number of instructions analyzed 


NUMBER 
CLOCKS TO 
EXECUTE 
ON 80C286 
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80C286 
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No. 112 March 1989 


Harris Digital 


80C286/80386 HARDWARE COMPARISON 


Author: Ted Schaufelberger 


The Harris 80C 286 static CMOS microprocessor, available 
with maximum operating frequencies of 16-MHz and 20- 
MHz, offers both performance and design advantages over 
the 80386 when operating at the same frequency. When 
both the 80C286 and 80386 are operated on a 16-bit data 
bus, which fully supports industry standard 8086/80286 
code, the 80C286 has better performance, and is signifi- 
cantly simpler to design with than the 80386. The 80C286 
also uses significantly lower power than the 80386, leading 
to less expensive, more reliable overall system design (see 
Figure 1). 


>» The 80C286 supports a fully pipelined mode of opera- 
tion for maximum system performance (Ref. section on 
Pipelined Operation on a 16-Bit Data Bus). 


>» The 80C286 remains in a pipelined mode of operation 
even when idle bus cycles occur (Ref. section on Idle 
Cycles). 


> The 80C286 instruction prefetch takes one bus cycle to 
execute, thereby minimizing the time that the processor 
Execution Unit must wait should it need the bus (Ref. 
section on Instruction Prefetching a 16-Bit Data Bus). 


e 80386 


ICC (mA) 550mA 
= > The 80386 requires five additional control lines to be 
500 generated by external logic in order to implement a 16- 
bit data bus (Ref. section on Control Signals 
oe R . Required to Implement a 16-Bit Data Bus). 
o, 
= ° > The 80386 does not support a fully pipelined mode of 
350 Wetetetetetgtel operation. Some pipelining can be achieved, but to 
ann ce accomplish this, external bus ‘monitor’ logic must be 
RSS added to the system (Ref. section on Pipelined Opera- 
250 rates tion on a 16-Bit Data Bus). 


50 age of 9% of the time (Ref. section on Idle Cycles). 5 

0 > The 80386 instruction prefetch takes two bus cycles to Pr ft 
execute, which can cause performance degradation by oO 5 
forcing the Execution Unit of the processor to wait a full re = 
bus cycle for use of the bus in order to complete an Oo. 

FIGURE 1. 80C286/80386 POWER CONSUMPTION < 


COMPARISON 


The following comparison highlights some of the perform- 
ance advantages that exist on the 80C286: 

Summary of 16-Bit Data Bus 
Performance 


e 80C286 


> The 80C286 already has all necessary control lines 
needed to implement a 16-bit data bus (Ref. section on 
Control Signals Required to Implement a 16-Bit Data 
Bus). 


> The 80386’s pipelining is disrupted by idle bus cycles. 
A non-pipelined bus cycle, usually with an additional 
wait state, must be executed before the 80386 can 
return to pipelined mode. Idle bus cycles occur an aver- 


instruction (Ref. section on Instruction Prefetching on a 
16-Bit Data Bus). 


76-Bit Data Bus Operation 


This section will discuss the control signals required to im- 
plement a 16-bit data bus, as well as pipelined operation, 
idle cycles, and instruction prefetching on a 16-bit bus. 


Control Signals Required to Implement a 
16-Bit Data Bus 


The 80C286 microprocessor has all the control lines 
needed to implement a 16-bit data bus resident on chip, no 
further control lines are required. 
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| Bese | Be2e | pei¥ | Boe | At | BHE# | BLE# (AO) COMMENTS 


, 


X-No Active Bytes 


—- xX< 


X-Not Contiguous Bytes 


| X-Not Contiguous Bytes 
X-Not Contiguous Bytes 
X-Not Contiguous Bytes 


X-Not Contiguous Bytes 


X X 
L H 
L L 
L L 
H H 
X X 
L L 
L L 
X X 
X X 
X X 
H L 
X X 
L L 
L L 


mo K OTH KK KPT KO eo 


BLE# Asserted When DO-D7 of 16-Bit Bus is Active. 
BHE# Asserted When D8-D15 of 16-Bit Bus is Active. 
A1 Low For All Even Words; A1 High For All Odd Words. 


X = Don’t Care 

H = High Voltage Level 

L = Low Voltage Level 

* = A Non-Occurring Pattern of Byte Enables; Either None are Asserted, or the Pattern has Byte Enables Asserted 
for Non-Contiguous Bytes 


FIGURE 2. A1, BLE#, AND BHE# SIGNAL GENERATION TABLE 


In order to implement a 16-bit data bus with the 80386 
microprocessor, it is necessary to create at least the follow- 
ing five additional control signals: Address Line 1 (A1), Bus 
Low Enable (BLE#), Bus High Enable (BHE#), Bus Size 
16-Bits (BS16#), and Next Address (NA#). 


BEO# 
=> 
BE1# 


BE2# 


The first of these signals, A1, is an additional address line 
required to convert the granularity of the 80386’s address 
space from double-word size entities (82-bit) to word size 
entities (16-bit). The second two signals, BLE# and BHE#, 
primarily serve as chip selects which enable the appropriate 
byte or bytes onto the 16-bit data bus. These three signals 
are generated from the four 80386 byte enables (BEO#- 
BE3#) as shown in Figure 2. The logic to implement these 
signals is shown in Figure 3. 


K - MAP FOR A1 SIGNAL 


BE1# 


BES# 


BE2# 


In addition to these three control signals generated from 
80386 signals as outputs, two input control signals to the 
80386 must be generated by external logic (BS16# and 
NA#). 


K - MAP FOR 16 - BIT BHE# SIGNAL 


BS16# is used to inform the 80386, on a cycle-by-cycle 
basis, that a 16-bit bus size is to be used for data transfer. 
NA# is used to request that the 80386 put the next cycle 
address on the bus early, thereby pipelining that cycle. 


BE2 # 


The 80386, therefore, requires five additional control lines, 
three outputs and two inputs, in order to implement a 16-bit 
data bus. The generation of these control lines, in turn, re- 
quires additional ‘glue’ logic (which also introduces addi- 
tional signal propagation delay, thereby reducing address 
access time available to the system), and finally, there is ad- 
ditional bus cycle ‘monitor’ logic necessary if the 16-bit 
data bus is to be pipelined for higher performance. FIGURE 3. A1, BLE#, AND BHE# LOGIC 


K - MAP FOR 16 - BIT BLE# SIGNAL 
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Pipelined Operation on a 16-Bit Data Bus 


At a given clock frequency, pipelined address operation in- 
creases a system’s performance, while simultaneously allow- 
ing relatively slower memories and I/O devices to be used. 
Pipelined address operation provides the system increased 
address access time, and increased address decoding time. 


The 80C286 is optimized for, and directly supports, fully 
pipelined bus operations on a 16-bit data bus. In other 
words, the 80C286 performs all bus operations in a fully 
pipelined mode. 


The 80386 does not support fully pipelined operation on a 
16- bit data bus. In order to pipeline a bus cycle on the 
80386, the Next Address (NA#) signal must be asserted to 
the processor. If the Next Address (NA#) signal and the Bus 
Size 16-Bit (BS16#) signal are both asserted in the same 
bus cycle, the NA# signal will not be recognized. Since, the 
BS16# signal must be asserted to the 80386 for many 
patterns of 16-bit and 8-bit transfers to take place correctly, 
the pipelining of transfers over a 16-bit bus is limited. 


To allow pipelining of 16-bit data, external logic must be im- 
plemented to monitor the type of bus cycle taking place, de- 
cide if the cycle can be pipelined, and, if so, negate the 
BS16# signal to the 80386 and assert the NA# signal. Pipe- 
lining is possible only if the bus cycle is one of the following 
three types: 


(1) A read operand cycle using only the lower half of the 
data bus 


(2) A write operand cycle using only the lower half of the 
data bus 


_(8) A write operand cycle using only the upper half of the 
data bus 


The 80386 will not allow 16-bit pipelining of read or write cy- 
cles that have byte alignments that do not conform to one of 
the previously mentioned three types. 


The 80C286, then, fully supports address pipelining, yielding 
the highest possible system performance, while using rela- 
tively lower performance (and therefore cheaper) memories 
and peripherals. The 80386, however, does not support fully 
pipelined 16-bit bus operation, and, to support even partial 
pipelining, requires external bus ‘monitor’ logic. 


idle Cycles 


Another factor to consider when evaluating 80C286 and 
80386 performance is the effect of idle cycles on pipelined 
operation. Calculations have shown that, on average, bus idle 
cycles occur in the system approximately 9% of the time. The 
effect of idle cycles on pipelining is quite different on the 
80C286 than on the 80386. 


The 80C286 pipelined operation is not affected by idle cy- 
cles. When an idle cycle or cycles occur in a stream of pipe- 
lined bus cycles, the 80C 286 returns to pipelining bus cycles 
immediately after the last idle cycle. In this way, each device 
on the bus (e.g. memory, peripheral) maintains a fixed timing 
associated with that device, and therefore always uses the 
minimum number of wait states required for that device. 


On the other hand, the 80386 pipelined operation is 
disrupted by idle cycles. With the 80386, an idle cycle or 
cycles occurring in a pipelined stream of bus cycles breaks 
the pipelining operation. Once an idle cycle has occurred, a 
non-pipelined bus cycle must always be executed prior to 
resuming pipelining. Since a non-pipelined bus cycle will 
have different timing than a pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional external logic to differentiate between a pipelined 
bus cycle access, and a non-pipelined bus cycle access, 
even to the same device with the same address. 


From the preceding, it can be seen that when executing 16- 
bit code, the 80C286 has a 9% performance increase 
over the 80386, due to the manner in which each pro- 
cessor handles idie cycles alone. Note, that with the 
80386, a pipelined stream of bus cycles will always be dis- 
rupted when an idle cycle occurs, whether using a 16-bit 
data bus or a 32-bit data bus. In either case, a non-pipelined 
bus cycle must be executed prior to resuming pipelined oper- 
ation. 


instruction Prefetching on a 16-Bit Data Bus 


One final factor needs to be considered in the evaluation of 
80C286 and 80386 performance on a 16-bit data bus; the 
effect that prefetching instructions has on instruction execu- 
tion time. Prefetching of instructions is done by the processor 
Bus Unit on both the 80C286 and 80386. The prefetch is 
done when the bus would otherwise be idle for the upcoming 
cycle, and the prefetch queue is not full. 


The 80C286 does word size (16-bit) prefetching of instruc- 
tions, and therefore completes it’s prefetch activities in one 
bus cycle. This minimizes the waiting period to gain access to 
the bus by other processor entities, such as the Execution 
Unit. 


The 80386 does doubleword (32-bit) prefetching of instruc- 
tions, even on a 16-bit bus. This means that once a prefetch 
has begun execution, two bus cycles are required to com- 
plete the prefetch. If, for instance, the processor’s Execution 
Unit requires the bus for a data fetch or write in order to com- 
plete an executing instruction, it must wait for the two bus cy- 
cles of the prefetch to complete before it can access the bus. 
This can substantially degrade instruction execution time. 
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32-Bit Data Bus Operation 


This section discusses operating the 80386 on a 32-bit bus 
in order to overcome some of the handicaps it suffers on a 
16-bit bus. In addition, several advantages and dis- 
advantages associated with the 80386 on a 32-bit bus are 
considered. 


Hardware Advantages of the 80386 on a 32-Bit Data 
Bus 


There are several advantages to operating the 80386 on a 
32-bit data bus as opposed to a 16-bit data bus. Some of the 
control lines that were required for a 16-bit data bus are elim- 
inated (A1, BLE#, BHE#, and BS16#). It is possible to come 
closer to a fully pipelined mode of operation, although idle 
cycles will still disrupt the pipelining 9% of the time. Finally, 
prefetching on a 32-bit bus executes in one bus cycle 
instead of two. Offsetting these advantages, however are 
several major disadvantages. 


Hardware Disadvantages of the 80386 on a 32-bit Data 
Bus 


When using a full 32-bit data bus, the chip complexity of a 
80386 based system is increased over a 16-bit system. 
Twice as many transceivers (four instead of two) are required. 


In addition, in order to accommodate the additional 16 data 
lines of the 32-bit bus, twice as many memory devices are 
typically required with the 32-bit system as compared to a 
16-bit system. This amounts to an increase in DRAM, alone, 
of from 18 devices in a typical 16-bit system to 36 devices in 
a typical 32-bit system. 


The 16 additional data lines of the 32-bit bus increase the 
EMI problems inherent in the system. The additional coupling 
and crosstalk between data lines must be taken into consid- 
eration when laying out the system PC board. 


There is a significant increase in the amount of board space 
used as a result of the additional chips required to implement 
a 32-bit bus, as well as the 16 additional data lines. This re- 
sults in a larger, more complex (and more expensive) PC 
board than with a 16-bit system, often requiring an increase 
in the number of board layers. 
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INTERFACING THE 80C286-16 WITH THE 80287-10 


Author: Ted Schaufelberger 


An important requirement in many systems is the ability to 
off-load numeric data processing. In an 80C286 system, 
this can be accomplished with an 80287 numeric co-pro- 
cessor. However, as processor speeds increase, it may 
become necessary to interface a high speed 80C286 
processor with a lower speed 80287. This Document will 
briefly describe the interface between a 16MHz 80C286 
(80C286-16) and a 10MHz 80287 (80287-10). 


Interfacing the 80C286 with an 80287 can be broken down 
into three main areas: 


(1) Bus control lines and data lines which coordinate and 
implement the flow of data between the two processors 
(i.e. the data lines, chip select lines, and read/write 
lines). 


(2) The clock tine(s), which drive the two processors. 


(3) The four status lines through which the 80C286 and 
80287 directly communicate status information to one 
another - comprised of the BUSY, ERROR, Peripheral 
Request (PEREQ), and Peripheral Acknowledge 
(PEACK) lines. 


Bus Control Lines 


The various bus control and data lines in most systems 
would be coordinated by either a bus controller (such as the 
82C288), or a bus controller subsection of an 80C286 
oriented chip set. All requisite bus control timing between a 
16MHz 80C286, and a 10MHz 80287 would then be han- 
died by these devices (typically with one wait-state 
inserted to allow for the slower 80287-10). 


U1 74AC04 


(FROM 82C284 OR RESET 
EQUIVALENT) 


(FROM 80C286) 
(832MHz SYSTEM 286_CLK 
CLOCK) 


Clock Lines 


A system using a 16MHz 80C286 with a 10OMHz 80287 re- 
quires separate clock lines for the two processors. The 
32MHz system clock used by the 80C286-16 is too fast for 
the 80287 + 10, necessitating a dedicated clock driver for 
the 80287. This clock driver should supply a 10MHz clock 
to the 80287 with a 1/3 duty cycle to allow the 80287-10 to 
run at it’s full 1OMHz capability. One solution for providing 
this clock is the 82C84A-1, which meets this specification 
with either a 30MHz crystal at it’s crystal inputs, or a 
SOMHz external frequency input to it’s EFI pin. In either 
case, a 1OMHz 1/3 duty cycle clock is output to the 80287. 
Note that when using a dedicated clock driver such as this, 
the CKM pin of the 80287 must be pulled up. 


Status Lines 


The 80C286 and 80287 communicate status information 
with one another through four signals; the BUSY line, the 
ERROR line, the peripheral request line (PEREQ), and the 
PEACK line. 


The BUSY and ERROR lines can be connected from the 
80287 to a 80C286-oriented chipset, or from the 80287 
directly to a 80C286. In the case of the chipset interface, the 
signal timing between the 80287 and 80C286 is coordi- 
nated by the chipset. In the case of the direct 80287 to 
80C286 interface, the signal timing is handled by the 
80C286, and, since the signal flow direction is from the 
80287 to the 80C286 (i.e. from the slower device to the 
faster device), no additional hardware is required to achieve 
proper timing. 


U3 74AC08 


P 
3_GPEACK (10 80287 


PEACK) 


FIGURE 1. PEACK STRETCH CIRCUIT 
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The peripheral request (PEREQ) line should be connected 
directly from the 80287 to the 80C286, and again, since the 
signal flow direction is from the 80287 to the 80C286, no 
additional hardware is required. 


The peripheral acknowledge (PEACK) line is normally 
connected directly from the 80C286 to the 80287. In this 
case the signal flow direction is from the 80C286 to the 
80287 (i.e. faster device to slower device), and the 
PEACK active time is not guaranteed to meet the require- 
ments of the slower 80287-10. Worst case timing for the 
80C286-16 reveals that PEACK output could be as short as 
45.5ns (i.e. PEACK (min) = 45.5ns). The 80287-10 input 
requirement is PEACK (min) = 6Ons. 


The proper PEACK timing can be achieved using the circuit 
shown in Figure 1 comprised of a 74AC04, 74AC08, anda 
74AC112. Referring to the timing diagram shown in 
Figure 2, it can be seen that this circuit effectively 
‘stretches’ the 80C286’s PEACK output (in the form of 
GPEACK) to 72.7ns, which satisfies the 80287-10 require- 
ment. 


The operation of the circuit shown in Figure 1 is as follows: 


(1) The RESET signal (which is also applied to the 80C 286) 
is used to initialize the ’AC112 to a known inactive state 
(Q = 1). 


(2) When the 80C286 asserts the PEACK signal, the gated 
version of this signal (GPEACK) is asserted with minimal 
delay (7.9ns through the ’ACO8). 


(3) On the falling edge of the 80C286 CLK at the beginning 
of Phase 2 of the Ts cycle, the low state of PEACK is 
clocked into the ’AC 112. This effectively holds GPEACK 
low for an additional clock cycle longer than standard 
PEACK timing. 


(4) On the falling edge of the 80C286 CLK at the beginning 
of phase 2 of the first Tc cycle, the high state of PEACK 
is clocked into the ’AC112, which then causes GPEACK 
to go inactive. 


The net effect of this circuit operation is to extend the 
80C286’s Peripheral Acknowledge signal to the 80287-10 
sufficiently to meet it’s requirements. 
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FIGURE 2. PEACK CYCLE TIMING 
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HARRIS 80C286 PERFORMANCE ADVANTAGES 
OVER THE 80386SX 


Author: Ted Dimbero 


The Harris 80C286, operating at the same frequency as the 
80386SX, can outperform the 80386SX when executing 
software written for the 80286 and 8086, including all 
MS-DOS™, PC-DOS™ and OS/2™-based programs. This 
performance advantage comes from the 80C286 require- 
ment of fewer clock cycles to execute the same instructions 
as the 80386SX. 


Industry standard 16-bit 8086/80286 code can execute 
15-25% more efficiently on the 80C286 than on the 
80386SX. There is no performance advantage gained by 
simply moving a system design from an 80C286 to an 
80386SX. The 80C 286 is the processor best suited for exe- 
cuting 16-bit 8086/80286 code. 


The difference in clock cycle requirements is summarized in 
Figure 1. Of the 182 common instructions, the 80C 286 exe- 
cutes 79 instructions faster than the 80386SX. Another 64 
instructions execute in the same number of clock cycles on 
both processors. 


Overall, 143 instructions (78% of all common instructions) 
execute as fast or faster on the 80C286 than on the 


80386SX. BoConE 46 
FASTER THAN 
80386SX - 16 
80C286 - 16 
EQUAL TO 
80386SX - 16 80386SX - 16 


FASTER THAN 
80C286 - 16 


FIGURE 1. EXECUTION SPEED COMPARISON 
(NUMBER OF INSTRUCTIONS) 


Taking this comparison one step further and looking at the 
performance contribution of each subset of instructions, 
those instructions that execute faster on the 80386SX are 
executed an average of 1.6 clock cycles faster. However, 
the instructions which execute faster on the 80C286 exe- 
cute in an average of 23.1 clock cycles less than on the 
80386SX. 


Operating Speeds 


The Harris 80C 286 is available with operating frequencies 
of 12.5, 16, 20 and 25MHz. The 80386SX maximum operat- 
ing frequency is limited to 16MHz. The instruction compari- 
sons in Figure 1 (and throughout this document) evaluate 
the number of clock cycles required to execute the same 
instructions on both the 80386SX and the 80C 286. There- 
fore, it illustrates the performance differences when the two 
processors are running at the same speed. 


As this analysis shows, the 80C286 has the performance 
advantage when the two processors are running at the 
same speed. This 80C286 advantage is significantly 
greater when speed differences are taken into considera- 
tion. 


The 80C286-25, for example, can execute 100% of the 
instructions available on both processors faster than a 
16MHz 80386SX. In some cases, a 2X performance in- 
crease can be seen with the 80C286-25 compared to the 
80386SX-16 (see Table 1). 


This is not a benchmark number that can be credited to 
differences in system design; it illustrates a one-to-one 
comparison of the length of time it takes to execute the 
same instruction on the two processors. That is, given two 
equivalent systems (both having the same disk access 
speed, same number of wait states, similar cache control- 
lers, etc), the 80C286-25 system would outperform the 
80386SX system on any benchmark. 


PC-DOS™, OS/2™ are Trademarks of International Business Machines Corporation 


Xenix", MS-DOS™ are Trademarks of Microsoft Corporation 
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TABLE 1. 


80386SX-16 


PER- PER- PER- 
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FORMANCE FORMANCE 


80386SX | 80C286 | EXECUTION | EXECUTION | INCREASE {EXECUTION | INCREASE [EXECUTION | INCREASE 


pi goa me # CLOCK |# CLOCK TIME 


OVER OVER 
(usec) 80386SX-16 


80386SX-16 
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Pasaad Miso Be 
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Table 1 illustrates a performance comparison of the 
80386SX-16, 80C286-16, 80C286-20 and 80C286-25. 
The table lists the number of clock cycles needed to exe- 
cute five different subroutines (see examples 1-5 in 
Subroutine Analysis section) and the total execution times 
for each subroutine for the two processors at varying oper- 
ating frequencies. 


In each of these examples, the results show that the 
80C286 outperforms the 80386SX. In addition, the 
80C286-25 shows performance increases of 170%-250% 
over the 80386SX-16. The 80C286 not only outperforms 
the 80386SX at similar operating frequencies, it also pro- 
vides a path to increased performance by offering operating 
frequencies up to 25MHz which are not available with the 
80386SX. 


Architecture Background 


The 80C286 static CMOS microprocessor combines low 
operating and standby power with high performance and 
operating frequencies up to 25MHz. 


The 80C286 evolved from the industry standard 80C86 
microprocessor and has vast architectural enhancements 
over its predecessor that allow the 80C286 to execute the 
same code with a significant performance increase. 


Disregarding the clock speed increase, when upgrading 
from an 80C86 to an 80C 286, the 80C 286 can execute the 
same code with an increase in throughput of up to 4 times 
that of the 80C86. This increase is solely due to the archi- 
tectural enhancements. 


It is a common belief that replacing an 80C286 with the 
80386SX microprocessor will yield similar performance in- 
creases. This is not the case. The new architecture gives the 
80386SX 32-bit internal capability but it does not signifi- 
cantly increase the throughput of 16-bit 8086 or 80286 
code. 


fist Be 161.5 148.7 108% 119.0 135% 


When executing industry standard 8086 or 80286 code, re- 
placing the 80C286 with an 80386SX does not 
result in a significant performance increase. In many cases, 
such a replacement will actually cause a performance deg- 
radation. This is evident in the following areas: 


(1) Input/Output Handling 

(2) Interrupt Handling 

(3) Control Transfer (Loop, Jump, Call) 

(4) 80286 Protected Mode Systems 

(5) Multi-Tasking and Task Switching Operations. 
The performance advantage of the 80C286 is especially 
evident in areas such as: 


¢ Protected Mode Operating System - such as OS/2 
and Xenix™. 


e Multi-Tasking Systems. 


© Control Applications — utilizing interrupt and 1/O in- 
structions. 


e Structured Software — utilizing many Control transfer 
instructions. 


¢ Operating Systems that rely on interrupts to perform 
functions - such as MS-DOS, PC-DOS and OS/2. 


e Upgrading 16-bit 80C86 applications for increased 
performance. 


Figure 2 illustrates a comparison of the number of clock cy- 
cles needed to execute several instructions available on all 
three microprocessors (80C86, 80C286, and 80386SX). 
This illustrates the dramatic effect of 80C286 architectural 
enhancements on performance when compared to the 
80C86 and the lack of similar performance improvement 
when executing 8086/80286 code on the 80386SX. 
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FIGURE 2. ARCHITECTURAL COMPARISON 


Hardware System Comparison 
Pipelined Operation on a 16-Bit Data Bus 


At a given clock frequency, pipelined address operation 
increases a system’s performance, while simultaneously 
allowing relatively slower memories and I/O devices to be 
used. Pipelined address operation provides the system 
increased address access time, and increased address 
decoding time. 


80C286 


The 80C286 supports a fully pipelined mode of operation for 
maximum system performance. 


The 80C286 remains in a pipelined mode of operation even 
when idle bus cycles occur. 


80386SX 


The 80386SX does not support a fully pipelined mode of op- 
eration. Some pipelining can be achieved, but to 
accomplish this, external bus ‘monitor’ logic must be added 
to the system. 


The 80386SX’s pipelining is disrupted by idle bus cycles. A 
non-pipelined bus cycle, usually with an additional wait state, 
must be executed before the 80386SX can return to pipe- 
lined mode. Idle bus cycles occur an average of 9% of the 
time. 


Idle Cycles 


Another factor to consider when evaluating 80C286 and 
80386SX performance is the effect of idle cycles on pipelined 
operation. Calculations have shown that, on average, bus idle 


cycles occur in the system approximately 9% of the time. The 
effect of idle cycles on pipelining is quite different on the 
80C286 than on the 80386SX. 


The 80C286 pipelined operation is not affected by idle 
cycles. When an idle cycle or cycles occur in a stream of 
pipelined bus cycles, the 80C286 returns to pipelining bus 
cycles immediately after the last idle cycle. In this way, each 
device on the bus (e.g. memory, peripheral) maintains a fixed 
timing associated with that device, and therefore always 
uses the minimum number of wait states required for that 
device. 


On the other hand, the 80386SX pipelined operation is 
disrupted by idle cycles. With the 80386SX, an idle cycle or 
cycles occurring in a pipelined stream of bus cycles breaks 
the pipelining operation. Once an idle cycle has occurred, a 
non-pipelined bus cycle must always be executed prior to 
resuming pipelining. Since a non-pipelined bus cycle will 
have different timing than a pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional external logic to differentiate between a pipelined 
bus cycle access, and a non-pipelined bus cycle access, 
even to the same device with the same address. 


From the preceding, it can be seen that when executing 
16-bit code, the 80C286 has a 9% performance 
increase over the 80386SX, due to the manner in which 
each processor handles idle cycles alone. 
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Instruction Comparison 


The Appendix in this document illustrates a direct compari- 
son of the number of clock cycles needed to execute the 
same instructions on the 80C286 and the 80386SX. The 
table includes examples of instruction timing for all instruc- 
tions available on both processors. Several addressing 
modes of each instruction type are included. 


Of the 182 instruction examples analyzed, 79 of the instruc- 
tions execute faster on the 80C286 than on the 80386Sx; 
64 of the instructions analyzed execute in the same number 
of clock cycles on both processors. This leaves only 39 
instructions with improved performance on the 80386SX 
(See Figure 1). Over 78% of the instructions analyzed 
execute as fast or faster on the 80C286 than on the 
80386SX. 


This is vastly different than the previous 8086-to-80286 
upgrade. With that upgrade, the 80C286 exhibits equal or 
better performance than the 80C86 with 100% of the 
instructions. 


This clearly indicates that the 80C286 is the processor best 
suited for executing industry standard 8086 and 80286 
code. 


The following discussion groups each of the instructions 
into one of several categories to analyze which applications 
will benefit from utilizing the 80C286. The categories used 
are: 


¢ Jumps, Calls, Returns and Loops (Real Mode). 


1/O Instructions. 


¢ Logic, Arithmetic, Data Transfer, Shift and Rotate 
instructions. 


e Interrupts. 
e Miscellaneous Instructions. 


© Protected Mode/Multi-Tasking Instructions. 


Jumps, Calls and Loops 


In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the 
same number of clock cycles to execute on the 80C286 
and the 80386SX. Since the segment sizes are larger on the 
80386SX, the near transfer instructions on the 80386SX 
can transfer a greater distance. 


The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C286: four clocks and one clock respectively. The far 
return instruction executes in three less clock cycles on the 
80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
on the 80C286 and are discussed in the section on Pro- 
tected Mode. 


The loop instruction is three clock cycles faster on the 
80C286 than the 80386SX. Thus, the 80C286 would save 
300 clock cycles over the 80386SX if a LOOP instruction 
were executed 100 times. 


~—ADVANTAGE— 
INSTRUCTION 80C286 80386SX 


Far CALL, JMP and RET a ae 
a 


The 80C286 has a significant advantage with the I/O in- 


I/O Instructions 

structions. The IN instruction is almost 2 1/2 times faster on 
the 80C286; the 80386SX takes 7 extra clock cycles to ex- 
ecute the same instruction. The OUT instruction is over 3 
times faster on the 80C286; again the 80386SX takes 7 ex- 
tra clock cycles to execute the same instruction. Executing 
the I/O instructions on the 80386SX is equivalent to execut- 
ing on the 80C286 with 7 wait states. 


The string I/O instructions (INS and OUTS) are also signifi- 
cantly faster on the 80C286. The INS instruction is 10 clock 
cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly important if the string 
operations are going to be used to input or output a large 
block of data using the REP prefix. Inputing 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputing 100 words with the REP OUTS in- 
struction. In this case, the 80C286 is 800 clock cycles 
faster than the 80386SX. 


—ADVANTAGE— 


[eacaes [ none [poses 


INSTRUCTION 


Logic, Arithmetic, Data Transfer, Shift 
and Rotate Instructions 


Most forms of the logic, arithmetic, and data transfer 
instructions execute in the same number of clock cycles on 
both processors. Certain operand combinations of these 
instructions (immediate to register for example) take one 
extra clock cycle to execute on the 80C286. 


In real mode, the segment register transfer instructions exe- 
cute as fast or faster on the 80C286 than they do on the 
80386SX. For example, using the POP instruction to trans- 
fer data into a segment register is 2 clock cycles faster on 
the 80C286. 


Most of the string manipulation instructions execute in the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 


The divide instruction executes in the same number of clock 
cycles on both processors. The number of clocks to 
execute the multiply instruction on the 80386SX is data 
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dependent; the number of clocks to execute the same 
instruction on the 80C 286 is fixed. On average, the multiply 
instruction is five clock cycles faster on the 80386SX, but 
independing on the data, the 80386SX could be as many as 
4 clock cycles slower than the 80C 286. 


The rotate and shift instructions are faster on the 80386SX. 
Unlike the 80C286, the 80386SxX rotate and shift instruc- 
tions do not depend on the number of bits to be shifted or 
rotated. Thus, the 80386SX has the advantage with multi- 
bit rotate and shift instructions. The 80C 286 does, however, 
execute single bit rotate and shift instructions faster. 


—ADVANTAGE— 


80C286 | NONE | 80386SX 


INSTRUCTION 


Certain Operand 
Combinations of Logic 
and Arithmetic 


ft ft 


Multiply xX 


Multi-Bit Shift or Rotate Pel 
String Instructions 


Interrupt Instructions 


Interrupts are serviced more quickly on the 80C286. The 
INT instruction, in real mode, executes 14 cycles faster on 
the 80C286 than it does on the 80386SX. The INTO, 
BOUND, and other instructions that can cause an interrupt 
all benefit from the faster interrupt handling features of the 
80C286. The return from interrupt instruction (IRET) is 7 
clock cycles faster on the 80C286. The PUSHA and POPA 
instructions, frequently used by interrupt handling proce- 
dures, are both faster on the 80C286. Protected Mode 
interrupt handling is discussed in the Protected Mode 
section. 


—ADVANTAGE— 


INSTRUCTION 


INTO 
BOUND (If interrupt) 
Break Point Interrupt 


Miscellaneous Instructions 


The BCD instructions, HLT, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWD instruction all exe- 
cute in the same number of cycles on both processors. The 
ENTER, LEAVE, and BOUND instructions are from 1 to 3 
cycles faster on the 80386SX. The BOUND instruction is 
only faster if an interrupt is not caused by the instruction. 


—ADVANTAGE— 


INSTRUCTION 80C286 | NONE | 80386SX 


Data Conversion X 
(CBW, CWD) 


Protected Mode/Multi-Tasking 


When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386SX. Task switching op- 
erations execute 100 to 271 clock cycles faster on the 
80C286. The instruction to return from a called task is 63 
clock cycles faster on the 80C 286. This results in a very sig- 
nificant performance increase for systems utilizing the mul- 
ti-tasking features. The 80C286 is clearly better suited than 
the 80386SX for running protected mode operating sys- 
tems such as OS/2 and Xenix. 


inter-segment JMP, CALL and segment loading instruc- 
tions also operate faster on the 80C 286. The 80C286 saves 
anywhere from 4 to 11 clock cycles depending on the par- 
ticular inter-segment transfer instruction. In protected 
mode, the inter-segment return is also faster on the 
80C 286. The 80C286 is 11 clock cycles faster when exe- 
cuting an inter-segment return to the same privilege level 
and is 17 cycles faster on inter-segment returns to a differ- 
ent privilege level. 


The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C286. The in- 
struction to switch the processor to protected mode 
(LMSW) is 7 cycles faster on the 80C286. 


Most of the 80286 protected mode access checking in- 
structions operate as fast or faster on the 80C286 than on 
the 80386SX. The LAR instruction is one clock cycle faster 
on the 80C286 and the LSL instruction is 5 clock cycles 
faster. The VERW instruction executes in the same speed 
on both processors and the VERR is 5 cycles faster on the 
80386SX. The ARPL instruction used in protected mode 
procedures for pointer validation is 10 clock cycles faster 
on the 80C 286. 


—ADVANTAGE— 


INSTRUCTION } 3oczae | NONE | 80386sx| 
nk a aa ee 
err ee a RN 
a a ee 
men 
ae ae ae 

pt 


Access Checking 
Instructions 


7-51 


= 
2 
eu 
Ok 
5° 
a= 
a. 
<q 


Application Note 121 


Subroutine Analysis 


This section lists several subroutines and then compares 
the number of clock cycles each subroutine will take to exe- 
cute on the 80C286 and on the 80386SX. 


EXAMPLE 1 


This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output. The routine first checks the status of the UART to 


determine if it is busy. If it is busy, the routine loops until the 
UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock clycle analy- 
sis for the OUT__CHAR routine. 


This sample procedure executes about 25% faster on the 
80C286 than on the 80386SX. The advantage is realized 
through the 80C286’s faster interrupt handling and faster 
I/O instructions. 


80C286 80386SX 
CLOCK CYCLES CLOCK CYCLES OUT__.CHARACTER PROC NEAR 


CK__STATUS: 


PUSHF 

PUSH AX 

IN AL, PORT_STATUS 
CMP AL, BUSY 

JE CK_STATUS 

POP AX 

OUT OUT__PORT, AL 
POPF 

IRET 


INT x 


; save callers flags. 


; save data to be output. 
; Input UART status. | 

; Check If UART Busy 

; If busy go check again. 
; If not busy restore AX 

; and output data. 

; Restore Flags 

; Return. 


; Instruction to initiate OUTCHAR 
; Interrupt. 


Total cycles if UART not busy. 
Number of cycles added for each loop while UART is busy. 


EXAMPLE 2 


The second example outputs an entire string of characters 
using the previous interrupt routine (denoted by “INT x” in 
the code below). The DS:SI registers point to the beginning 


17 


79+91/char 91+121/char 


JE done 


JMP next 


of the string to be output. The string is variable in length and 
must be terminated with the ‘‘$‘” character. 


PUSHA 
LODSB 
CMP AL, “$” 


; save caller’s registers. 

; Load first char to be output. 

; Check to see if End of string. 
; If end then goto DONE. 

INT x ; If not end output character. 
; Go get next char to output. 
POPA 


RET 


; Restore Registers when done. 
; Far Return. 


Call OUT__STRING ; Far Cail to initiate 


; OUT__STRING procedure. 


Total number of clocks to start and end routine. 


+Number of additional clocks to output each character in the output string 


To output a string of 20 characters, the 80C286 would take 
1,899 clock cycles; using the same routine, the 80386SX 
would take 2,511 cycles. Each time a string of 20 charac- 
ters is output, the 80C286 will save 612 clock cycles; an 


80C286 performance increase of almost 25%. The advan- 


tage is realized through the 80C286’s faster interrupt handl- 


ing, faster I/O instructions, faster FAR transfer instructions 
and faster register saving and restoring instructions. 
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EXAMPLE 3 


This example adds all the values of a source array in (number of words in the array), offset of source array, and 
memory to the values of a destination array in memory. The _ offset of destination array are all assumed to be placed on 
result is stored in the destination array. Both arrays are the stack (in that order) by the calling program. The source 
assumed to be in the current data segment. The count code for the procedure is listed below: 


80C286 80386SX 
CLOCK CYCLES CLOCK CYCLES ADD__ARRAY PROC NEAR 


PUSHA ; Save caller’s registers. 
MOV BP, SP ; Point BP to current stack 
MOV CX, [bp+22] ; Load array size from stack 
; into CX. 
MOV SI, [bp+20] ; Load offset of source array 
; from stack into SI. 
MOV DI, [bp+18] ; Load offset of destination 
; array from stack into DI. 
CLD ; Clear Direction Flag. 
LODSW ; Load the source word into AX. 
ADD [DI], AX ; Add source to destination. 
ADD DI, 02 ; Point DI to next data. 
LOOP NEXT ; Continue to ADD all elements 
; in the two arrays. 
POPA ; Restore Registers 
RET 6 ; Near return. 


; Following is the code necessary to set up and call the above procedure. 


PUSH count ; Put count parameter on stack 
PUSH offset S__ARRAY ; Put offset of source array 

; on stack. 
PUSH offset D__ARRAY ; Put offset of destination 

; array on stack. 


CALL ADD__ARRAY ; Near Call to initiate 
; ADD__ARRAY procedure. 


84+(23*CX)—4 84+(25*CX) Total number of clocks to start and end routine. 
+Number of additional clocks for each item in array to be added. 


Both processors take the same number of clock cycles for clock cycles; the 80386SX takes 2,584 (an additional 204 z 
initialization before the call and closing up after the call (84). clocks) to execute the same routine. In this example, the oO wn 
The loop that does the adding is faster on the 80C286. To LOOP instruction gives the 80C286 the performance » rT) 
add two 100 word arrays, the 80C286 would take 2,380 advantage over the 80386SX. oO 5 
az 
QO. 
< 
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EXAMPLE 4 


This procedure is an example of an operating system 
procedure developed for a protected mode multi-privilege 
level system. The procedure INIT_SEGMENT is passed a 
segment selector on the stack and will load that entire 
segment with zero’s. The procedure is designed to execute 
at privilege level zero with a call gate at privilege level 3; this 


allows procedures executing at any level to utilize the 
INIT_SEGMENT procedure. INIT_SEGMENT provides 
protection checks to ensure that the procedure passing the 
parameter has valid access to the segment that it is trying to 
initialize. This prevents a procedure at privilege level three 
from initializing a segment at privilege level zero. 


80C286 80386SX 
CLOCK CYCLES CLOCK CYCLES INIT_SEGMENT PROC FAR WC=1 


PUSHA 

PUSH ES 

MOV BP, SP 

MOV AX, [BP+22] 


MOV Bx, [BP+20] 


ARPL AX, BX 


VERW AX 
JNE ERROR 
MOV ES, AX 


LSL CX, AX 
XOR DI, DI 
XOR AX, AX 
CLD 

REP STOSB 
CLC 


POPES 
POPA 
RET 2 
STC 


ERROR: 


; Save caller’s registers. 
; save ES register. 


; Point BP to top of stack. 

; Load AX with segment selector 
; passed as parameter on stack. 
; Load BX with return CS to 

; determine caller’s CPL. 

; Adjust the Privilege level of 

; the segment selector according 
; to the caller’s CPL. 

; Test for valid write access 

; If no valid access goto error. 

; LOAD ES with segment to be 

; initialized. 

; Load segment size into CX. 

; Load zero into DI. 

; Load zero into AX. 

; Clear decrement flag. 

; Init entire segment to 00. 

; Clear carry to indicate segment 
; initialized with no errors. 

; Restore ES register. 

; Restore Register 

; Ret FAR to different privilege 

; SET carry to indicate error. 


JMP DONE 
; Code to push selector on stack and initiate INIT SEGMENT via call gate. 


PUSH DATA_SELECTOR 
CALL INIT_SEGMENT__GATE 


82 98 


253 
283+(3*S) 


299 


337+(5*S) 
in bytes. 


This example shows that when executing instructions used 
for privilege verification and privilege level transitions the 
80C286 is faster than the 80386SX. Without taking the 
LODS instruction into account, the 80C286 is 54 clock 


; Place Selector on stack. 
; Instruction to initiate 
; INIT SEGMENT procedure. 


Total clocks if ERROR because segment not accessible. 
Total number of clocks if segment is initialized to zeros. “S” represents size of segment 


cycles faster when executing the same procedure. With the 
LODS instruction, and assuming a segment size of 100 
bytes, the 80C286 would execute this routine 254 clock cy- 
cles faster than the 80386SX. 
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EXAMPLE 5 


This Procedure is a task dispatcher that is invoked via an 
interrupt to cause a task switch to occur. This procedure 
utilizes a circular linked list of the tasks that need to be 
executed. A pointer called “CURRENT__TASK” points to 
the data structure for the current task being executed. The 
data structure contains the TSS for the task it is describing 
and a NEXT field that points to the data structure of the next 
task in the list to be executed. When the Task Dispatcher is 
invoked it switches the current pointer to the next task in the 


TSS1_ SEL 
NEXT_ PTR 


CURRENT _ TASK~> 


list and then invokes the new task by jumping to the TSS for 
that task. The data structure for the linked list is illustrated 
below. 


The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following is a listing for the simple task 
dispatcher. 


TSS2_. SEL 
NEXT_PTR 


TSS3_ SEL 
NEXT_ PTR 


80C286 80386SX 
CLOCK CYCLES CLOCK CYCLES TASK__DISPATCH PROC FAR 


START: 


MOV CURRENT TASK, BX 


JMP DWORD PTR [BX-2] 
JMP START 


The advantage of the 80C286 in this case is in the faster 
task switch instruction. The task switch instruction is 116 
clock cycles faster on the 80C286 than on the 80386SxX. 


MOV BX, CURRENT TASK + 2 


; Load BX with contents of next 
; field of current TASK. BX will 
; contain the address of the data 
; structure for next task to run. 
; Update Current Task to point to 
; new task to be executed. 
; Start new task by jumping to TSS 


; JUMP to start for next time the 
; TASK dispatcher is invoked. 


This performance increase makes the 80C286 the clear 
choice for multi-tasking applications. 
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Appendix 


This appendix contains a table directly comparing the num- 
ber of clock cycles necessary to execute all the instructions 
available on both the 80C286 and the 80386SX. The table 
includes several addressing modes of each instruction. 


The table has five columns. The first column list the instruc- 
tion being compared. The second column lists the number 
of clock cycles that the 80C286 needs to execute that 
instruction. The third column lists the number of clock 
cycles needed by the 80386SX to execute the same 


NUMBER 
CLOCKS TO CLOCKS TO 
EXECUTE 


80C286 INSTRUCTION 


AAA 

AAD 

AAM 

AAS 

ADC reg, reg 

ADC mem, reg 

ADC reg, immed 

ADC mem, immed 

ADD reg, reg 

ADD mem, reg 

ADD reg, immed 

ADD mem, immed 

AND reg, reg 

AND mem, reg 

AND reg , immed 

AND mem, immed 

ARPL reg, reg 

ARPL mem, reg 

BOUND (no interrupt) 

CALL immed (near) 

CALL immed (far real mode) 
CALL immed (far PVAM) 

CALL gate (same privilege PVAM) 
CALL gate (different privilege PVAM) 
CALL TSS (Task Switch PVAM) 
CALL task__gate (Task Switch PVAM) 
CBW 

CLC 

CLD 

CLI 

CLTS 

CMC 

CMP reg, reg 

CMP mem, reg 

CMP reg, immed 

CMP men, immed 

CMPS 

CWD 


ON 80C 286 ON 80386SX 80C286 


instruction. The fourth column divides the number of cycles 
needed by the 80386SX by the number of cycles needed by 
the 80C286. If this figure is greater than one, (see fifth 
column) then the 80C286 is faster than the 80386SX. For 
example, a 2.0 would indicate the 80C286 executes the 
same instruction twice as fast as the 80386SX. A 1.0 indi- 
cates that both processors execute the instruction in the 
same number of cycles. A number less than one indicates 
the 80386SxX is faster than the 80C286. 


80C286-16 
NUMBER FASTER 
THAN OR 
EQUAL TO 
80386SX-16 


EXECUTE 80386SX/ 


SNS SS SSNSS ONS: USNR RENN NN SASS 


ooh, 
Noon anh O11 OND ND © 


NODA OANNNMA NNN 
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80C286-16 
NUMBER NUMBER_ | FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386SX/ EQUAL TO 
80C286 INSTRUCTION ON 80C286 ON 80386SX 80C286 80386SX-16 


DAA 

DAS 

DEC reg 

DEC mem 

DIV word, reg 

DIV word, mem 

ENTER immed1, immed2 (immed 2 = 6) 
HLT 

IDIV word, reg 

IMUL word, mem 

IN 

INC reg 

INC mem 

INS 

INT 3 (real mode) 

INT immed (real mode) 

INT immed (PVAM same privilege) 
INT immed (PVAM different privilege) 
INT TASK__GATE (PVAM Task Switch) 
INTO (No Jump) 

INTO (Yes Jump real mode) 

IRET (real mode) 


IRET (PVAM same privilege) 
IRET (PVAM different privilege) 
IRET (PVAM task switch) 
Jcond label (No jump) 

Jcond label (Yes jump) 

JMP near__label 


JMP Far__label (real mode) 

JMP FAR__LABEL (PVAM) 

JMP CALL__GATE (PVAM same privilege) 
JMP TASK__GATE (PVAM task switch) 


VRSNNRNVN NN NNN SN SANNA SSRN™N NS NYS NOR 


JMP TSS (PVAM task switch) 6 
LAHF E ~ 
LAR reg o 5 
LAR mem az 
LDS (real mode) = 


LDS (PVAM) 
LEA 

LEAVE 

LGDT 

LIDT 

LLDT reg 
LLDT mem 
LMSW reg 
LMSW mem 
LODS 

LOOP (Jump) 
LOOP (No Jump) 


SN NSNANS ON 
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80C 28-16 
NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386SX/ EQUAL TO 
80C286 INSTRUCTION ON 80C286 ON 80386SX 80C286 80386SX-16 


LSL reg 

LSL mem 

LTR reg 

LTR mem 

MOV reg, reg 

MOV mem, reg 

MOV reg, immed 

MOV mem, immed 

MOV seg__reg, reg (real mode) 
MOV seg__reg, mem (real mode) 
MOV seg__reg, reg (PVAM) 
MOV seg__reg, mem (PVAM) 
MOVS 

MUL reg 

NEG reg 

NEG mem 

NOP 

NOT reg 

NOT mem 

OR reg, reg 

OR mem, reg 

OR reg, immed 

OR mem, immed 

OUT 

OUTS 

POP reg 

POP mem 

POP seg__reg (real mode) 
POP seg__reg (PVAM) 
POPA 

POPF 

PUSH reg 

PUSH mem 

PUSH seg__reg 

PUSHA 

PUSHF 

RCR or RCL reg, 1 

RCR or RCL mem, 1 

RCR or RCL reg, cl (cl = 4) 
RCR or RCL mem, cl (cl = 4) 
RCR or RCL reg, 4 

RCR or RCL mem, 4 

ROR or ROL reg, 1 

ROR or ROL men, 1 


ae aoa 


mon 
on 
SS. SOSA, ON 


aks | Se an 
NN OBPON NON DN OD NM N 
XN 


2 
7 
3 
2 
7 
2 
7 
3 
7 
3 
5 
5 
5 
5 


= NO 
oanao dao 
NO NO 
an on 

S NANA NNNS SN 


SN SN. ON NE ROSEN 
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NUMBER 
CLOCKS TO 


EXECUTE 
80C286 INSTRUCTION ON 80C286 


REP INS (cx = 100) 
REP MOVS (cx = 100) 
REP OUTS (cx = 100) 
REP STOS (cx = 100) 
REP CMPS (cx = 100) 
REPE CMPS (N = 100) 
REPE SCAS (N = 100) 
RET (near) 

RET (far real mode) 
RET (far PVAM same privilege) 
RET (far PVAM different privilege) 
SAHF 

SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 
SHIFT mem, 1 

SBB reg, reg 

SBB mem, reg 

SBB reg, immed 

SBB mem, immed 
SCAS 

SGDT 

SIDT 

SLDT reg 

SLDT mem 

SMSW reg 

SMSW mem 

STC 

STD 

STI 

STOS 

STR reg 

STR mem 

SUB reg, reg 

SUB mem, reg 

SUB reg, immed 

SUB mem, immed 
TEST reg, reg 

TEST mem, reg 

TEST reg, immed 
TEST mem, immed 
VERR reg 

VERR mem 

VERW reg 

VERW reg 


oh 
—_ 


o1 NO 
oa ao 


S2a~yYnN OND NNN 


—b ek 
RO 


2 
3 
2 
3 
2 
2 
2 
3 
2 
3 
2 
7 
3 
7 
2 
6 
3 
6 


— ok ok ok 
oA OA 
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NUMBER 
CLOCKS TO 
EXECUTE 
ON 80386SX 


613 
407 
512 
505 
905 
905 
805 


N ©O DM = 
no @ ON 


RODD NNNNOAOAOAN NN DN N WD W 


2 


Onmanoen YON ND Po 


oo Ce 
on © 


80386SX/ 
80C286 


1.51 

1.00 
1.26 
1.66 
1.00 
1.00 
1.00 
1.09 
1.33 
1.44 
1.31 

1.50 
1.50 
1.00 
1.00 
0.86 
0.67 
1.00 
1.00 
0.82 
0.75 
1.00 
0.67 
1.00 
0.67 
1.00 
1.00 
1.50 
1.33 
1.00 
0.67 
1.00 
1.00 
0.67 
1.00 
1.00 
083 
0.67 
0.83 
0.71 

0.69 
1.07 
1.00 


80C 286-16 
FASTER 
THAN OR 
EQUAL TO 
80386SX-16 
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80C 286-16 
NUMBER NUMBER FASTER 
CLOCKS TO CLOCKS TO THAN OR 
EXECUTE EXECUTE 80386SX/ EQUAL TO 
80C286 INSTRUCTION ON 80C286 ON 80386SX 80C286 80386SX-16 


WAIT 

XCHG reg, reg 
XCHG reg, mem 
XLAT 

XOR reg, reg 
XOR mem, reg 
XOR reg, immed 
XOR mem, immed 


3 6 
3 3 
5 5 
5 5 
2 2 
7 6 
3 2 
7 7 


TOTAL number clocks to execute all instructions 
AVERAGE 


(op) 
ee] 
<e) 
1S 


Number of Instructions faster on 80C286 
Number of Instructions equal on both processors 
Number of Instructions faster on 80386 


Total Number of instructions analyzed 
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No. 400 Harris Digital 
USING THE HS-3282 ARINC 
BUS INTERFACE CIRCUIT 
Daniel B. Clifton 
Introduction Bi-Directional Data Bus 


The Harris HS-3282 is a high performance CMOS 
programmable bus interface circuit that was designed to 
meet the requirements of ARINC Specification 429, and 
similarly encoded, time multiplexed serial data protocols. 
Its simple but efficient design allows the HS-3282 to be 
used without major complications in a variety of 
applications. By setting an internal control register, the 
HS-3282 can be programmed to operate at different data 
rates and with different word lengths, and to transmit 
either even or odd parity. The device can also be 
programmed to operate with or without a unique address 
(SDI — source/destination identifier), and with or without 
its self test mode implemented. Although the HS-3282 
was designed to transmit and receive high-speed data 
rates (100K BPS or 12.5K BPS), standard baud rates of 
9600 or 1200 BPS can be implemented by reducing the 
input clock frequency. The timing requirements of the 
HS-3282 make it compatible with 8086 microprocessor or 
other similarly based systems operating at 5 MHz or less. 
Designed to meet the critical needs of today’s advanced 
aircraft, the HS-3282 is a cornerstone of reliability for 
systems that cannot tolerate a wide margin of error. 


Functional Operation of the HS-3282 


In order to clarify and expand on the basic details given in 
the data sheet, the following information has been 
provided to point out some of the particularities of the HS- 
3282. 


Clock Frequencies 


The two receiver output signals, D/R1 and D/R2, have a 
minimum pulse width of one clock period. Because of 
this, when using a slower clock rate than 1 MHz to drive 
the HS-3282, these outputs may remain in a low state fora 
few microseconds after the data in the receivers is 
fetched. This could cause the same data to be fetched 
more than once if these outputs are used to drive state 
sensitive interrupt requests; therefore, it is necessary to 
use edge sensitive interrupt requests, as mentioned in the 
typical application of the HS-3282 below. 
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Data transfer to and from the host is accomplished via a 
16-bit bidirectional, three-stated bus. The control of this 
bus is completely internal to the HS-3282. When data is 
written to the transmitter or the control word register, the 
bus is automatically enabled as an input; when data is 
read from the receivers, the bus is automatically enabled 
as an output, at all other times, the bus is in a high impe- 
dance state and will not interfere with external operations. 


Setting Up the Control Word Register 


When a low to high transition occurs on the CWSTR pin, 
the data on the eleven most significant bits of the bi- 
directional bus is latched into the control word register. 
The location and function of each of these bits is shown in 
the data sheet. 


Receiver Operation 


Incoming data from the line receiver (or from the self test 
circuit) is shifted into the data shift register by the word 
gap timer on an edge sensitive basis. This results ina high 
data rate tolerance; although ARINC specification 429 
requires at least a +1% tolerance, the HS-3282 has at least 
a +10% tolerance at all data rates. In order to prevent 
reception errors, the word gap timer is designed to disable 
and reset the receiver upon reception of two consecutive 
null times (or two consecutive data times), and re-enable 
the receiver after four additional null times. If a word of the 
proper length (and SDI) has been received by this time, 
the word will be latched and the D/R flag of the 
corresponding receiver will go low to signal the host thata 
valid word is ready to be fetched. (For the most efficient 
operation, the D/R flags should be used to generate 
interrupt requests to the host system.) It should be noted 
that the parity bit that is stored in the receiver latch may be 
different than the parity bit of the word that was received. 
This is because the parity bit that is stored in the receiver 
latch is actually a parity flag, indicating by its status the 
parity of the word that was received: if the parity of the 
word received was odd, the parity flag will be alogic “0”; if 
the parity of the word received was even, the parity flag 
will be a logic “1”. 
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Once a word is ready to be fetched, it may be read by the 
host system in two 16-bit parts over the bi-directional bus 
by strobing the appropriate EN line low twice, once with 
the SEL line low to read “word 1” and once with the SEL 
line high to read “word 2”. (If preferred, “word 2” may be 
read before “word 1”, or the EN line may be held low for 
one long pulse while the SEL input is toggled to select first 
one word and then the other.) The actual ARINC contents 
of these two 16-bit “words” (or the contents of the 25 bit 
word length) is shown in the data sheet. It should be noted 
that the D/R flag will not be reset unless both words are 
read. 


Transmitter Operation 


As mentioned in the data sheet, the transmitter hasa FIFO 
that can hold up to eight data words. Although the HS- 
3282 has two inputs, PL1 and PL2, used to write data into 
the FIFO, the data is not actually entered into the FIFO un- 
til the sccond input (PL2) is pulsed low. Therefore, the 
first half of each data word must be written to the HS-3282 
first. Then, when the PL2 input is pulsed low to write the 
second half of the word, the proper data will be trans- 
ferred into the FIFO. 


The HS-3282 transmitter is designed to transmit data in 
sets containing from one to eight 32 or 25 bit words. It is of 
primary importance that the transmitter FIFO not be 
disturbed while this transmission is taking place; 
therefore, systems should be designed to disallow writing 
to the FIFO while transmission is taking place. The only 
exception to this rule is that words can be written into the 
FIFO while the first word (only) is being transmitted; if 
transmission of a second word is started before the TX/R 
has returned to a high state, the FIFO must remain 
undisturbed until the entire transmission sequence is 
completed and the TX/R flag goes high. The TX/R flag be- 
comes useful here as an interrupt request output to the 
host system, signaling that the FIFO is ready for another 
set of data words. 


It is also of primary importance that the ENTX input 
remain high for the duration of the transmission sequence 
or the integrity of the data in the FIFO will be broken. This 
can best be accomplished by feeding the TX/R flag 
through an inverter and back into the ENTX input. This 
application will enable the transmitter as soon as the first 
word is written into the FIFO, and keep it enabled until the 
transmission sequence is completed; since most host 
systems operate at much greater speeds than the trans- 
mitter, an additional seven words could easily be written 
into the FIFO while the first word is still being transmitted. 


The value of the parity bit as written into the FIFO makes 
no difference since the transmitter sets the parity bit at 
transmission time according to the type of parity that it 
has been programmed to transmit. 


Lightning Protection 


Although the bus driver has been protected by a 100mW 
fuse capable of sinking up to 1A for short periods of time 
(100ms) and internal zener diodes which saturate at about 
8.7 volts, the bus interface circuit has no such protection 
for its receiver inputs. Because of the possibility of a light- 
ing strike to aircraft, additional protection should be used 
to protect both the HS-3282 and the bus driver from high 
voltage spikes. External avalanche diodes with high 
power ratings (five or ten watts) should be used to clamp 
the bus at about +6.8 volts. This will prevent the fuse and 
the zeners in the driver from being burned out by current 
surges, and it will keep the voltage level on the inputs of 
the receiver within acceptable limits. 


A Typical Application of the HS-3282 


The following example shows one possible way to inter- 
face the HS-3282 with a host system. Although different 
applications may require different approaches, most 
systems will have requirements similar to those that have 
been met here. 


Logical Control 


As shown in Figure 1, the support circuitry necessary to 
integrate the HS-3282 into a system primarily involves a 
logic circuit to drive the control inputs. In most cases, this 
can be achieved using microprocessor RD and WR bus 
control signals and two address lines in conjunction with 
a decoded chip select line and a DEN (data enable) line. 
During READ operations, the particular function (EN1 or 
EN2) is selected when the proper address is present while 
the RD line is low; note that the second LSB of the address 
bus is used to select either word 1 or word 2. The DEN line 
is used to signal the BIU to place its data on the bus. 


Therefore, for read operations, the only timing require- 
ment the host system must meet is a minimum DEN pulse 
of 200ns plus the propagation delay of the enable gates. 
During write operations, the WR line is inverted and used 
instead of the DEN line to enable the particular function 
(CWSTR, PL1, or PL2) previously selected by the address 
bus. Since the minimum data hold time of the HS-3282 is 
Ons, the timing requirement for write operations, besides 
the minimum 200ns WR pulse, is a minimum data disena- 
ble delay equal to the total propagation delay caused by 
the function enable gates. 
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FIGURE 1. TYPICAL HOST TO HS-3282 INTERFACE LOGIC 


Address Decoding 


In the system shown, the transmitter FIFO is decoded as__ the write functions without presenting a problem. See 
addresses F8 (first word) and FA (second word), andthe ‘Table 1. 

control word register is at FC; writing to these addresses 
will load the corresponding registers of the HS-3282. ADDRESS 
Receiver latch #1 is at addresses F8 (first word) and FA 
(second word), and Receiver latch #2 is at addresses FC 
(first word) and FE (second word); reading these 
addresses will load the data from the corresponding 
receiver latch of the HS-3282. Note that an address line 
can be connected directly to the SEL input of the HS-3282 
to perform the receiver latch word select function. Since it 
is impossible to write to the receiver latches or to read the 
transmitter FIFO and the control word register, the ad- 
dresses of the read functions can overlap the addresses of TABLE 1. TYPICAL HS-3282 FUNCTIONAL DECODING 
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Interrupts 


For the most efficient operation, any system incorporat- 
ing the HS-3282 should provide conditions by which the 
device can generate interrupt requests to the host system. 
lf both receivers are being used, then a minimum of three 
interrupt vectors are needed: one (TX/R) to signal the end 
of a data set transmission, and one for each of the receiv- 
ers (D/R) to signal the presence of a valid word ready to be 
fetched. Since the TX/R signal can remain high for inde- 
terminate periods of time while the transmitter is inactive, 
the requests should be received by the host on an edge 
sensitive basis. 


Software Requirements 


A flowchart of a simple algorithm that the host system 
could use to exercise and monitor the functions of the 
HS-3282 is shown in Figure 2. In order to begin, the 
HS-3282 must be initialized with a control word, then the 
host should set some flag in system memory to indicate 
that the transmitter is available. If data is ready to be 
transmitted, the host should store the data in a temporary 
buffer until the transmitter becomes available. At this 
time, the data is taken from the buffer and loaded into the 
transmitter FIFO (eight 32 bit words maximum). After 
loading the FIFO, the host should reset the flag in system 
memory mentioned previously to indicate that the 
transmitter is no longer available. Unless an interrupt is 
received by this time, the host can move on to other tasks 
or continue storing data in the temporary buffer (as 
shown by the broken arrow). Ifa DB7R interrupt is received, 
data can be read from the receiver latch and any corres- 
ponding action taken. If a TX/R interrupt is received, the 
transmitter available flag should be set once again, and 
any ready data in the buffer could be written into the FIFO. 


Adapting the HS-3282 to an 
8-Bit Data Bus 


Although designed for a sixteen bit data bus, the HS-3282 
can be used in systems with an eight bit data bus by 
adding a few external components. The following 
example shows how this can be done. 


Logical Control 


Figure 3 shows the circuitry necessary to integrate the 
HS-3282 into a system that utilizes an 8 bit data bus. The 
circuit is very similar to the one in Figure 1, the primary 
difference being the addition of the logic circuitry neces- 
sary to drive two input/output latches. The primary pur- 
pose of this additional circuitry is to latch the high order 
byte of data so that the host system can accomplish each 
16 bit data transfer with the HS-3282 by using two sepa- 
rate 8 bit operations. Each of the two latches serves a spe- 
cific purpose: the output latch provides the HS-3282 with 
the high order byte during write operations (PL1, PL2, and 
CWSTR), and the input latch receives the high order byte 
during read operations (EN1 and EN2). The outputs on 
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FROM RCVR. 
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RESPOND 


TX/R 
INTERRUPT 
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FIGURE 2. SIMPLE HS-3282 DRIVER ALGORITHM 


these latches should be three-stated to avoid bus 
contention. The least significant bit of the address bus is 
used to activate the latches onto the host system data bus 
whenever the host system is performing high order byte 
operations, and this same address bit is inverted and 
added as an input to each of the function enable gates to 
prevent the HS-3282 from being activated at the same 
time. During low order byte operations, the outputs of the 
function enable gates are used to activate the latches onto 
the high order byte of the bidirectional bus of the 
HS-3282, allowing the BIU to instantaneously transfer a 
full 16 bit word. Since the latches are automatically 
activated in unison with the BIU during low order byte 
operations, the high order byte must be handled first 
during write operations so that the proper data will be 
present in the output latch when the lower byte is written 
to the BIU. Conversely, the low order byte must be 
handled first during read operations since the high order 
byte is automatically strobed into the input latch when the 
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low order byte is read. Timing requirements are increased 
by the additional logic gates; read operations now require 
a minimum DEN pulse equal to 200ns plus the propaga- 
tion delays of two logic gates, a one-shot, and the input 
latch; write operations now require a minimum delay from 
address valid to WR enable equal to the propagation de- 
lays of two gates and aminimum WR pulse of 200ns plus 
the propagation delays of two gates and the output latch. 


00-7 8 


OUTPUT 


AQ 


A2 


FUNCTION 
SELECT 
A3-A7 5 DECODE 


CHIP SELECT 
DECODE 


INTERRUPT REQUESTS 


Note that one shots are used to drive the strobes on the 
latches. This is necessary so that the falling edge of the 
strobe occurs while the data is still active on the bus, 
otherwise, the propagation delays of the additional gates 
would cause the latches to close after the data had been 
disenabled. 


FUNCTION ENTX 


ENABLE 
TX/R 


FIGURE 3. TYPICAL HOST TO HS-3282 INTERFACE LOGIC USING AN EIGHT BIT DATA BUS 
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Address Decoding 


The system in Figure 3 will have the same functional 
addresses as the system in Figure 1 except that in this 
case each particular byte of each register has its own 
address. Therefore, the FIFO is still located at addresses 


F8 (first word, low byte) and FA (second word, low byte); 
however, the high bytes must be addressed as FQ (first 
word) and FB (second word). The receivers are addressed 
in the same way as shown in Table 2. 


CWSTR 


RESETS ORIEL S Te I ODS EIT. TE ITA TEI A PERI DIE TILE SAI TIT ETT IETS I IE ENTE EEA MIEN RE LS SLIT TTT TEI NITE, OEE, OGLE NASI TEI TE IES SL TE ENR ED LT IO ETE TEE EE EE EEN 
1 PL PLi PL2 PL2 CWSTR | CWSTR | CWSTR 
Low Byte | High Byte | Low Byte | High Byte | Low Byte | High Byte | Low Byte | High Byte 


Low Byte 
1st Word 


High Byte 
1st Word 


Low Byte 


a 


TABLE 2. TYPICAL HS-3282 FUNCTIONAL DECODING USING AN EIGHT BIT DATA BUS 


Conclusion 


Although it was designed for ARINC applications, the 
HS-3282 bus interface circuit is a very versatile device, 
capable of serving any type of communications purpose. 
Its high speed capability and its high reliability make it 
especially useful in scientific and real time operations 


High Byte 
2nd Word | 2nd Word 


Low Byte 
ist Word 


High Byte 
1st Word 


Low Byte | High Byte 
2nd Word | 2nd Word 


where large volume data gathering and time critical trans- 
mission of control signals is required. These qualities, in 
combination with the simplicity with which the device 
may be incorporated into a system, make the HS-3282 a 
wise choice for a wide spectrum of applications. 


ARINC Specification 429 A Brief Overview 


ARINC Specification 429, otherwise known as the Mark 33 
Digital Information Transfer System (DITS), is a definition 
of standards used extensively by the air transport industry 
for the transfer of digital data between avionics systems 
elements. Systems utilizing this standard have been 
installed in a wide range of aircraft including the Boeing 
737, 747, 757, and 767; the European Airbus; Bell 
Helicopter; and a large number of small aircraft. 
Replacing the earlier ARINC Specification 419 which had 
standardized the various forms of serial transmission 
developed during the emergent period of digital avionics 
technology, Specification 429 eliminates much of the 
previous confusion by defining the standard for a single 
form of serial transmission. 


According to Specification 429, digital data is transmitted 
via a differential signal over a uni-directional bus com- 
posed of two twisted and shielded wires. The data is sent 


in thirty-two bit words, each word containing a parity bit 
and an eight-bit label that defines the flight function to 
which the remaining data pertains. This data, encoded in 
either numeric (binary or BCD) or alphabetic (ISO No. 5) 
format, is further divided into various fields according to 
label type. In order to completely standardize communi- 
cation and prevent conflicts, all flight functions have been 
assigned a particular label and data format. 


The ARINC Specification 429, by defining a single stan- 
dard for the transfer of digital information, eliminates the 
need for complex interfaces between avionics systems 
produced by different manufacturers. This provides those 
avionics components that conform to this standard with a 
virtual “plug-in” capability, and gives such components a 
certain measure of universality. For more information 
about this specification, contact Aeronautical Radio, Inc., 
2551 Riva Road, Annapolis, Maryland 21401. 
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Microprocessor 


DESIGN OF CLOCK GENERATORS FOR USE WITH COSMAC 
MICROPROCESSOR CDP1802 


Author: D. Hillman 


Introduction 


Clock signal generation for the CDP1802 COSMAC 
Microprocessor is simple and straightforward. The CDP1802 
features of static operation, single-phase clock input, and the 
on-chip oscillator amplifier make practical the use of a low- 
cost, highly stable, crystal-controlled oscillator as its clock 
generator. The design of external oscillators for this purpose, 
crystal or RC controlled, is equally straightforward and they 
require only minimal circuitry. In addition to the oscillator 
amplifier, the CDP 1802 incorporates all necessary start/stop 
logic on-chip. This application note describes clock genera- 
tor designs suitable for various applications. 


Crystal Oscillator Design 


The basic oscillator circuit for the CDP 1802 consists of the 
on-chip amplifier and an external feedback network as 
illustrated in Figure1. For oscillation to occur, the gain of the 
amplifier (a) times the attenuation (6) of the feedback 
network must be greater than or equal to one. In addition, 
the total phase shift through the amplifier and feedback 
network must be equal to N times 360 degrees, where N is 
an integer. Oscillations occur in any system in which the 
amplified signal is returned in phase to the amplifier after 
being attuned less than it was originally amplified. 


| 180° 
~<t————->- PHASE SHIFT ———>- 


(GAIN = a) 


(ATTENUATION = 8) 


| FEEDBACK 
NETWORK 


| 180° 
fee PHASE SHIFT > 


axp21 


FIGURE 1. BASIC OSCILLATOR CIRCUIT 


The frequency stability of an oscillator is primarily dependent 
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upon the phase-changing properties of the feedback net- 
work. Because of their high Q and inherent frequency stabil- 
ity, quartz crystals are commonly used in the feedback 
network. 


A parallel resonant oscillator circuit is shown in Figure 2. The 
phase angle for the type of feedback network shown in this 
figure is extremely sensitive to a change in frequency, a con- 
dition necessary for stable oscillation. If the equivalent resis- 
tance of the crystal is in fact zero (infinite Q), a change in 
phase angle of the feedback circuit would not cause any 
change in oscillator frequency. Therefore, for an oscillator of 
highest stability, the Q of the crystal should be as high as 
possible. In general, Q increases with increasing frequency. 


qt POC sec cevecosensacsscsesanocusensveney 


OPTIONAL 


i enevecccccccnccnccnssccccccccesssessensnce : Vop Vop = Vec 
FEEDBACK ‘ : Y 
NETWORK 


BUFFERED 
CPU CLOCK : 


a 1 : (1/6 CD4069B) 
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OSCILLATOR : 
AMPLIFIER : 


CDP1802 


Voacunsccvccocenccecnncsoncosevesusoosensees” 


FIGURE 2. PARALLEL RESONANT OSCILLATOR CIRCUIT 


The crystal load capacitance, C,, is defined as the series 
sum of C, and C5. Higher values of crystal load capacitance 
generally improve frequency stability, but also increase 
power consumption. The choice of equivalent load capaci- 
tance (usually specified to the crystal suppliers) only fixes 
the series sum of the two capacitors C, and Co. The value of 
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the amplifier output capacitance C, should not be fixed. A 
trimmer should be connected in parallel with, or used in 
place of, a fixed output capacitor to permit compensation for 
variation in stray capacitance and circuit component values. 


The required capacitance range for the oscillator trimmer 
capacitor is determined by the variation in oscillation fre- 
quency with load capacitance. The total trimming range is 
mainly a function of the crystal characteristics. For a more 
detailed analysis, see Reference 4. 


Practical Oscillator Circuits 


The amplifier, feedback network, and crystal considerations 
discussed in the preceding paragraphs can be combined for 
the design of a crystal-controlled oscillator for the CDP 1802. 
The majority of microprocessor applications do not require 
the frequency of oscillation to be so exact as to require oscil- 
lator trimming. An “untrimmed” crystal oscillator will be within 
1% of its specified crystal frequency. For most microproces- 
sor applications the following simple guidelines can be used. 


1. The crystal should be connected between terminals 1 
and 39 of the CDP 1802. 


2. For crystal frequencies between 100KHz and 6.4 MHz, a 
10 to 22 megohm feedback resistor should be used in 
parallel with the crystal. 


3. Capacitors C, and Co are not required but a value of 
between 20 and 30 pF for each is recommended to 
improve stability. 


It should be noted that the on-chip oscillator and timing gen- 
erator are capable of operating at frequencies higher than 
the microprocessor maximum operating frequency. For reli- 
able operation, the crystal frequency must always be less 
than or equal to the maximum operating frequency specified 
in the CDP1802 data sheet. 


A practical example, the CDP18S020 Evaluation Kit oscilla- 
tor, consists of a 10 megohm feedback resistor and a 2MHz 
AT cut crystal, both connected in parallel across terminals 1 
and 39 of the CDP1802. (Crystal: Part No. X023303; 
C,=15pF; Series M1; holder, series HC330; made by 
Turotel, Inc., 13402 S. 71 Highway, Grandview, Missouri 
68030.) Provisions for oscillator capacitors are made in the 
Evaluation Kit, but their use is not required. The increase in 
oscillator stability with respect to supply voltage that can be 
obtained by adding the capacitors is shown in Figure 3. 
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FIGURE 3. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 
AS A FUNCTION OF LOAD CAPACITANCE VALUE. 


The amplifier stability also depends upon the value of the 
resistor in the feedback network. Figure 4 shows the rela- 
tionship between the feedback resistor value and oscillator 
stability. The curve indicates that 10 megohms is an ade- 
quate value for the feedback resistor. 
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FIGURE 4. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 
AS A FUNCTION OF FEEDBACK RESISTANCE 
VALUE. 
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External Clock Generators 


For low-frequency applications (less than 5O0OKHz) a cost- 
effective approach may be to use external RC-controlled 
oscillators. Three simple RC-controlled oscillators that may 
be used to clock the CDP 1802 are shown in Figure 5. When 
an external clock is used in high-noise environments, a 20 to 
30pF capacitor between terminal 39 (XTAL) of the CDP1802 
and ground may be used to increase the microprocessor 
noise immunity. 
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FIGURE 5. THREE SIMPLE RC-CONTROLLED OSCILLATOR 
CIRCUITS SUITABLE FOR USE AS EXTERNAL 
CLOCK FOR CDP1802 MICROPROCESSOR (OUT- 
PUT CONNECTED TO PIN 1 THROUGH 
EVALUATION KIT P2-W). 

(a) INVERTER TYPE OSCILLATOR (SEE REFER- 
ENCES 5 AND 6). 

(b) RC OSCILLATOR USING DIGITAL IC CD4047A 
(SEE REFERENCES 5 AND 6). 

(c) SCHMITT-TRIGGER-TYPE RC OSCILLATOR 
(SEE CD4093B DATA SHEET). 


The selection of the R and C should be compatible with sys- 
tem requirements. The capacitor should be non-polarized 
and have low leakage. There is no upper limit for either R or 
C values to maintain oscillation. However, C should be larger 
than the inherent stray capacitance. R must be larger than 
the output impedance of the COS/MOS device, which is typ- 
ically hundreds of ohms. In addition, with very large values of 
R, some short-term instability with respect to time may be 
noted. Based on these considerations recommended values 
for these components are: 


C - greater than 100pF, up to any practical value 
R - greater than 10 kilohms, but less than one megohm 


With large values of R and C, the circuit in Figure 5(c) can be 
used. This circuit, because of its hysteresis, eliminates multi- 
ple output pulses caused by noise on the input RC wave- 
form. For a more detailed analysis, see References 5 and 6. 


Clock Buffering 


in some applications it may be desirable to supply the CPU 
clock signal to other system components. In such cases the 
loading on the oscillator circuit should be minimized by buff- 
ering the clock through a COS/MOS inverter, as shown in 
Figure 2. The loading presented by the inverter will be 
mainly capacitive, about 5 picofarads, and can usually be 
neglected in non-critical designs. The buffer should be 
located close to the crystal in order to minimize stray capaci- 
tance. 


When the crystal oscillator is being trimmed to its desired 
frequency, the buffered clock technique should also be used 
to prevent the oscillator from being loaded by the frequency 
counter. 


References: 
1.CDP1802 data sheet. 
2. CD4047A data sheet, File No. 623. 
3. CD4093B data sheet, File No. 836. 


4. “Timekeeping Advances Through COS/MOS Technol- 
ogy”, ICAN-6086. 


5. “Using the CD4047A in COS/MOS Timing Applications”, 
ICAN-6230. 


6. “Astable and Monostable Oscillators Using Harris COS/ 
MOS Digital Integrated Circuits”, ICAN-6267. 
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USER’S GUIDE TO THE CDP1879 AND CDP1879C1 CMOS 
REAL-TIME CLOCKS 


Author: D. Derkach 


Introduction 


The CDP 1879 and CDP1879C1 Real-Time Clocks! are 24- 
pin devices, each consisting essentially of a long string of 
counters that supply standard clock time and date informa- 
tion in BCD format, Figure 1. In addition, the CDP1879 fea- 
tures an alarm circuit that activates the interrupt output pin 
and a separate clock output pin that provides a programma- 
ble square-wave output signal. Both the internal-alarm and 
clock-out signals can trigger the interrupt output pin, so that 
a status register is available to indicate the interrupt source. 
Users can supply a signal to the power-down pin that allows 
the interrupt-output pin level to control external power-down 
and wake-up circuits. Software generally required by other 
real-time clocks to prevent clock rollover is eliminated by a 
transparent “freeze” circuit that assures data integrity when 
accessing the clock. The clock’s counters, plus a control reg- 
ister that regulates operation, are individually selectable 
using three address lines. Internal control signals governing 
read and write operations are selected through the Il-O/MEM 
pin, which places the device in a memory-mapped or 1|/O- 
mapped mode of operation. 


The real time clocks were designed using Harris PaCMOS 
standard-cell approach and are manufactured under a sili- 
con-gate CMOS process. Both the CDP1879 and 
CDP1879C1 have guaranteed dc and dynamic parameters 
that allow operation at temperatures of -40 to +85°C ina 
plastic package. In addition, both versions can operate in a 
ceramic package from -55 to 125°C (see data sheet! for 
complete static and dynamic values). 


The CDP1879 operates from a supply of 4 to 10.5 volts. It 
accepts a parallel resonant crystal or will keep time with an 
external clock source. Crystal frequencies are 
1.048576MHz, 2.097152MHz, and 4.194304MHz. The 
CDP1879C1 is the lower voltage version with an operating 
voltage range of 4 to 6.5 volts. Like the CDP1879, it also 
operates with either an external clock source or at the same 
crystal frequencies. It can also run with a 32,768-Hz crystal. 


Interfacing - Hardware Considerations 
VO-Control and Device-Enable Pins 


The real-time clocks, shown in block diagram form in Figure 
1, are designed to interface directly to Harris CDP1800- 
series processors (described briefly below). Therefore, pin 
labels on the clocks, Figure 2, match the pin names of these 
processors. Figure 3 indicates clock I/O control and direction 
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pins; the functions of these pins are explained immediately 
below. Figure 4 is an 1/O-control and device-enabled sche- 
matic. Table 1 shows I/O pin connections. 


TPA (Timing Pulse A) - TPA refers to a timing signal from 
the CDP1800-series processors that occurs early in the 
machine cycle, and that is used to latch the processor's mul- 
tiplexed high-order address. In the real-time clock, this pin 
carries a strobe input used to latch the value of the CS pin. 
In memory-mapped operation, the pin may be tied high, 
requiring that CS be held for the duration of each read or 
write cycle. When the I/O-mapping mode is selected, this pin 
must be pulsed when the CS input is high. 


CS (Chip Select) - The chip-select pin is an active high input 
that is used to enable the clock. 


I-O/MEM (/O or Memory-Mode Select) - This pin is tied low 
to place the clock in the memory-mapped mode, and high 
when I/O operation is desired. Most processors will use the 
memory-mapped mode of operation. 


RD (Read) - When the clock is in the memory-mapped 
mode, RD is an active low signal that enables data from the 
counters or status register to be placed on the data bus for 
the processor to read. When the clock is in the I/O mode, the 
read operation occurs when RD is high; a write operation 
occurs when RD is low and TPB/WR is high. 


TPB/WR (Timing Pulse B/Write) - TPB refers to a timing 
signal from the CDP1800-series processors that appears 
late in each machine cycle and that is used to write data into 
accessed peripherals. When the clock is in the memory- 
mapped mode, TPB/WR is an active low signal used to write 
data into the clock’s counters or control register. During I/O- 
mapping, a high level on this pin allows data latched on the 
trailing edge of the signal to be written into the counters or 
register. 


CD1800-Series Interface 


The clocks interface to CDP 1800-series processors that use 
memory-mapping and I/O-mapping techniques to communi- 
cate with peripherals and memory. Memory-mapping implies 
address-line decoding to select memory locations and chip 
selects. With this technique, the real-time clock’s counters 
and registers are treated as memory locations. Read and 
write signals are active low. The CDP1800-series proces- 
sors include three separate N-lines that are active during the 
14 I/O instructions. These instructions are memory refer- 
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enced so that data traveling in either direction is transferred 
between the peripherals and memory. 

When I/O instructions are executed, the memory location is 
the reference for data transfer. Therefore, when an_output 
instruction is performed (write cycle) the processor's RD line 
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FIGURE 1. BLOCK DIAGRAM OF REAL-TIME CLOCK 
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is activated and puts the data in memory onto the data bus. 
Late in the same cycle, the TPB from the processor is used 
to write data into the peripheral. An input instruction (read 
cycle) allows external data to be placed in memory. The pro- 
cessor’s WR line is activated, and the data is written in. 


MONTH 


8- BIT DATA BUS 


COMPARATOR 
SECOND | MINUTE a HOUR 
LATCH ; LATCH i LATCH 


APPLICATION 
NOTES 


SQUARE- WAVE OUTPUT 


ADDRESS INPUTS 


CHIP-SELECT 
GATE AND LATCH 


INTERRUPT OUTPUT 


BIDIRECTIONAL 
oo DATA BUS 


FIGURE 2. REAL-TIME-CLOCK PIN FUNCTIONS 
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FIGURE 3. /O CONTROL AND DIRECTION PINS 
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FIGURE 4. VO-CONTROL AND DEVICE-ENABLE SCHEMATIC 


TABLE 1. VO PIN CONNECTIONS 
CDP1879 PIN 


Harris CDP1800-series TPA (Note 1) | Hi or decoded address 
(Memory-mapped) 


CDP6805 | AS _—_| Hior decoded address 
Zilog Corp. Z-80® Hi or decoded address 
8085/NSC800 ALE(Note 1) | Hi or decoded address 


1. May be connected to VDD when CS is externally latched. 
2. Latch externally. 


Harris CDP1800-series TPA N or decoded N lines 
(I/O mapped) 
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Figure 5 shows a typical memory-mapped interface utilizing interface of the clock to an 8085 processor, Figure 7 the 
the CDP 1802. This interface places the clock and counter- _ interface to a CDP6805, and Figure 8 the interface to a Zilog 
timer in selectable 4k memory blocks. Figure 6 shows the Corporation Z-80®. 
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FIGURE 5. REAL-TIME CLOCK AND COUNTER-TIMER IN MEMORY-MAPPED INTERFACE 
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FIGURE 6. 8085 INTERFACE AND TIMING: (a) MEMORY-MAPPED INTERFACE, (b) JVO-MAPPED INTERFACE, (c) TIMING CYCLES 
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, FIGURE 8. ZILOG CORPORATION Z-80® INTERFACE TO THE 
AD BUS DATA | CDP1879 
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Figures 9 and 10 show read and write-cycle timing wave- 

nS ee es forms, respectively. The read and write limits shown must be 
observed to successfully access the clock. Three of the 

(b) characteristics, hold after read and write, and read access 

time, may represent critical limit values when the clock is 


interfaced to processors operating at their maximum fre- 
quency limit. 


FIGURE 7. CDP6805 VO-MAPPED INTERFACE (a), AND 
TIMING DIAGRAM (b) 


LIMITS (ns) 
READ CYCLE TIMES (Note! ) 


Data Access From Address 
Read Pulse Width 


cs 


NOTES: 1. Characteristics at Ta = -40°C to +85°C; Vpp = 5V +5%; Input t, , t = 10ns; C, = 50pF and 1 TTL load. 
2. Time required by a limit device to allow for the indicated function. 
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FIGURE 9. READ-CYCLE TIMING CHARACTERISTICS (a), AND WAVEFORMS (b) 
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WRITE CYCLE TIMES (Note 1) 


MINIMUM (Note 2) 


1. Characteristics at T, = -40 to +85°C; Vop = 5V +5%; Input t,, t = 10ns; CL = 50pF and 1 TTL load 


2. Time required by a limit device to allow for the indicated function 


(a) 


TPA 


ADDRESS/CHIP SELECT 


WRITE 


DATA TO REAL TIME CLOCK 


FIGURE 10. WRITE-CYCLE TIMING CHARACTERISTICS (a) AND WAVEFORMS (b) 


Output Hold After Read (ty,,) 


When multiplexed bus processors, in which address and 
data share the same pins, are interfaced to the clock, the 
output-hold-after-read parameter (230 nanoseconds) may 
cause bus contention. As an example, at 5MHz, the 
CDP6805 requires data to be off the bus within 160 nano- 
seconds after data strobe. The 8085A operating with a 6- 
MHz crystal requires 150 nanoseconds after read. Since the 
clock may hold data for 230 nanoseconds, bus contention 
may occur if these processors are interfaced to the clock at 
their maximum operating frequencies. 


Data Hold After Write (t,,,) 


The real-time clocks require that data be held after the trail- 
ing edge of the write pulse for 150 nanoseconds. Neither the 
8085/NSC800, Z-80® , nor CDP6805 meet this requirement 
at their maximum operating frequencies. 


Data Access From Read (t,,) 


The clock will supply data a maximum of 375 nanoseconds 
from the leading edge of the read pulse. The data set-up 
requirements for processors operating at their maximum 
frequencies may require faster access. 


Hold and Access-Time Solutions 


All of the above parameters are frequency dependent. Often, 
simply lowering the frequency when accessing the clock will 
solve any timing problems. Access times can be extended by 
inserting wait states. Write and read-hold-time problems are 
more difficult to correct; glue parts, such as latches and buff- 
ers, are required to meet the requirements of these timing 
parameters. 


Interfacing - Software Considerations 


Programming Model 


Figure 11 illustrates the counters, alarm latches, and regis- 
ters that must be accessed to write in and read out time and 
date information. The functions are selected through internal 
decoding of three address lines. Table 2 contains the register 
access codes for different combinations of address inputs. 
Figure 12, a programming model of the same registers, 
shows their read and/or write availability. These address 
lines and data lines, in conjunction with the I/O control pins, 
constitute the interface to the clock. 


When the clock is configured for memory-mapped operation, 
it can be considered as six memory locations that reside in 
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an area of memory determined by the definitive decoding of 
the upper address bits. The clock’s I/O-mapped mode 
utilizes the N-lines (I/O lines) and I/O instructions of the 
CDP1800-series processor. The processors N-lines are 
decoded for use as a chip select, and in a two-level scheme, 
are also used as the address input signals. 


When other processors are interfaced to the clock, the clock 
will generally be placed in its memory-mapped mode. An 
exception is interface with the CDP6805, where the clock is 
usually wired for I/O operation. 


Writing to and reading from the clock is as straightforward as 
accessing memory. Software considerations regarding clock 
rollover (when the one-second clock may pulse the counters 
during read or write cycles) are eliminated by utilizing the 
freeze circuit (described below), which requires only one 
additional instruction. Use of the freeze circuit eliminates the 
software burden of looking for a signal or register bit that 
guarantees valid data. A write cycle with address 1 and don’t 
-care data before any series of counter accesses (read or 
write cycles) assures that the one-second clock has been 


held and will not interfere with accesses for 250 
milliseconds. 
SECONDS-TO 
CJ MONTHS 
COUNTERS 
PWR DWN ae 
LATCHES 


INTERRUPT <-0+0—Vpp 


SUL 


CLOCK OUT 


CLOCK OUT 
CONTROL 
REGISTER 

STATUS 
REGISTER 


BIDIRECTIONAL 
DATA BUS 


FIGURE 11. FUNCTIONS THAT MUST BE ACCESSED TO 
WRITE IN AND READ OUT TIME AND DATE 
INFORMATION 


Freeze Circuit 


The freeze circuit is designed to allow the user easy access 
to the real-time clock without the fear that clock rollover will 
cause erroneous time data. Clock rollover problems occur 
during counter reads while the asynchronous one-second 
clock input to the counter-divider chain is ripping through the 
counters. 


As an example. in Figure 13(a), the one-second clock is 
about to set the time to 0 seconds, 0 minutes and 3 hours. A 
read is performed, and the hours counter indicates 2 hours. 


But before the second and minute counters are read, the 
one-second clock ripples through them, with the result that 
the counters hold the time shown in Figure 13(b) . When the 
seconds and minutes counters are read (b), their values are 
correct, but the hours time, read before the ripple, is 1 hour 
off. It is apparent that this type of error can be a substantial 
problem, particularly if the date and month counters are 
involved. 


WRITE AND READ REGISTERS WRITE ONLY REGISTERS 


SECONDS COUNTER CONTROL REGISTER 


FIGURE 12. PROGRAMMER’S MODEL OF THE REGISTERS OF 
FIGURE 


Operation 


The counter-series string is clocked by the negative transi- 
tion of the one-second clock. This clock transition must pass 
through the freeze circuit before toggling the counter-series 
string, as shown in Figure 14. The freeze circuit creates a 
“window” 250 milliseconds wide shown as time (A) in Figure 
15. If the counter reads or writes (for addresses other than 
address 7) are performed during this window, the clock tran- 
sition is held and is not allowed through the freeze circuit 
until time (C) Figure 15, when the transition is inserted into 
the counter series string. If counter accesses are initiated 
just before the one-second-clock transition, the clock would 
toggle the counters 250 milliseconds later. Therefore, a 
requirement when using the real-time clocks is to finish 
operations within 250 milliseconds of the initial access. 


If the clock is accessed during time (A), Figure 15, and then 
accessed again at time (C), when the counter is allowed to 
toggle, ripple problems would occur. To preclude this 
problem, a second window is created by the freeze circuit 
during time (B). This window will allow a write to address 1 to 
immediately reset the freeze circuit and clock the counters. 
Subsequent accesses to the real-time clock will occur well 
after the clock has rippled through the counters. 


If read or write operations are performed during time periods 
other than (A) or (B), the freeze circuit is not functional. 


Figure 16 shows a simplified freeze circuit (a), and the 
sequence of freeze-circuit operation (b). 
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TABLE 2. REGISTER TRUTH TABLE 


ADDRESS ACTIVE SIGNAL 


BIT 3 CONTROL 
REGISTER 


REGISTER OPERATION 


a Write date counter 


Pee Write control register 
ae Read int. status register 


a a ee 


59 59 02 00 00 03 
1 SECOND sec. wn. ja | Ee mn cI 
CLOCK READ READ READ 


(a) (b) 


FIGURE 13. FREEZE-CIRCUIT READ EXAMPLE 
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FIGURE 14. COUNTER SERIES STRING 
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FIGURE 15. FREEZE-CIRCUIT TIMING WAVEFORMS 
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FIGURE 16. SIMPLIFIED FREEZE CIRCUIT (a), AND FREEZE-CIRCUIT OPERATION (b) 


NOTES: 
1. Set freeze during time period A, (one second clock is held high) 
2. Reset freeze at time period C, 


3. or during time period B if address 1 is present during a write cycle 


Restrictions on Accuracy 


The data sheet for the real-time clock states that when the 
seconds counter is written to, the last 7 stages of the pres- 
caler are reset, resulting in a 10-millisecond accuracy. Nor- 
mally, the seconds counter will be clocked 1 second from the 
time of the write to the seconds counter. However, if the 
freeze circuit has been activated, this sequence may not 
occur, therefore, to assure the 10-millisecond accuracy, the 
following procedure should be used: 


1. Write to seconds counter - don’t care data - address 2 
2. Dummy write - don’t care data - address 1 
3. Write to seconds counter - valid data - address 2 


The mild restrictions on accesses to the real-time clock 
require no additional software or hardware considerations to 
assure data integrity. In all other known clocks, software 
solutions to clock rollover problems range from reading and 
comparing the time data twice to sampling register values. 
Hardware solutions vary between stopping any internal clock 
updates to monitoring output-pin transitions. The addition of 
an address 1 write operation preceding accesses to the 
CDP1879 real-time clock in conjunction with the require- 
ments to finish accesses in 250 milliseconds will guarantee 
stable and accurate time data. 


BIT 


SELECTS ONE 
OF 15 CLOCK 
OUT SIGNALS 


Register Descriptions 


The real-time clock contains a control register to configure 
its operation, and a status register to identify interrupts, five 
registers or counters to hold the time from seconds to 
months, and three additional registers that are referred to as 
alarm latches, which hold the alarm time. 


Control Register 


The control register is a write-only register that shares the 
same address as the status register, address 7. A brief 
explanation of the functions of the eight bits in the control 
register are shown in Figure 17; more detail is given in the 
paragraphs that follow. 


Bits 0 and 1 - Frequency Select - The logic levels in bits 0 
and 1 are decoded and used to select the appropriate input 
to the last 14 stages of the prescaler chain, Figure 18. Their 
selection must match the crystal or external clock source 
used to drive the oscillator selection of the real-time clock. 


Bit 2 - Start/Stop - As shown in Figure 18, a 1 in bit 2 
enables the input to last through 14 stages of the prescaler 
chain. A zero in this position inhibits counting. 


SELECTS DIVIDER 
IN PRESCALER 
CHAIN 


ENABLES COUNTING 


DETERMINES DATA TRANSFER TO/FROM 
TIME OR ALARM REG. 
ALSO ENABLES ALARM. 


FIGURE 17. CONTROL REGISTER 
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XTAL 
XTAL 


ONE SECOND 
OUT TO 
SECONDS 
COUNTER 


BIT 0 
BIT 2 
BIT 1 START/STOP 
DECODE 
Bit Oo Bit 1 Bit 2 
0 0 32,768 Hz 0 Stop Counter 
1 O 1.048576 MHz 1 Start Counter 
0 1 2.097152 MHz 
1 1 4.194304 MHz 


FIGURE 18. FREQUENCY-SELECT OPERATION 


Bit 3 - Counter/Latch Control - Figure 19 is a simplified 
diagram of the counter/alarm latch access. Bit 3 has two 
functions. First, if set to zero, it directs written data to the 
time counters. If set to 1, data is written into the alarm 
latches. This bit function is necessary because the time 
counters and their comparable alarm latches have the same 
addresses. The second function of bit 3 is to enable the 
alarm-out signal. An alarm signal (interrupt output low and 
bit 7 set in the status register) will only appear if this bit (bit 
3) is a logic 1. 


Bits 4, 5, 6 and 7 - Clock Select - Figure 20 is a block dia- 
gram of the clock-out select function; Figure 21 is a table of 


BIT 3 

IN 
CONTROL 
REGISTER 


SECOND 
ALARM 
LATCH 


COMPARATOR 


clock-out selections. Bits 4, 5, 6, and 7 are decoded, and 
enable the required prescaler or time counter output to tog- 
gle the clock-out pin. 


Status Register 


The status register, Figure 22, is used to indicate the inter- 
rupt source. Bits 0 through 5 are held low. Bit 6 high indi- 
cates that a programmed negative clock-out transition has 
occurred, and bit 7 high identifies the alarm circuit as the 
interrupt source. These bits are reset by an external reset or 
by writing to the control register. Note, in Figure 23, the delay 
of approximately 30 microseconds before the alarm signal 
sets bit 7. 
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FIGURE 19. SIMPLIFIED DIAGRAM OF COUNTER/ALARM LATCH ACCESS. 
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FIGURE 20. BLOCK DIAGRAM, CLOCK-OUT SELECT 
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FIGURE 22. STATUS REGISTER 
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ALARM ) f l 
STROBE 


FIGURE 23. DEBOUNCE WAVEFORMS 


Operating Sequence 


Although accessing of the clock is similar to accessing of 
memory, certain procedures should be followed when writing 
the data to assure correct operation. 


The control register is accessed first to set the operating 
characteristics and to direct subsequent accesses to the 
counters or alarm latches. The upper nibble of the control- 
register byte selects one of 15 square-wave output signals 
that appear at the clock-out pin. If a clock-out is selected 
before the time counters are accessed and loaded, an inad- 
vertent interrupt may be generated. To preclude this occur- 
rence when the interrupt signal is utilized, the upper nibble of 
the control register byte is set to zero during the initial con- 
trol-register write cycle. The time counters and/or alarm 
latches are then loaded. The control register is then written 
to again, and the value in the upper nibble selects the 
required clock. 


Data Format Required (BCD) 


1. Seconds and Minutes counters and alarm latches 00 to 
59 


2. Hours counter: 01 to 12 for AM/PM 
00 to 23 for 24-hour time 
Bit 7:0 =AM,1=PM 
Bit 6: 0 = 24 hour, 1 = 12 hour 


Hour alarm latch: 01 to 12 for AM/PM, 00 to 23 for 24 
hour. 


12 hour (AM/PM): Bit 7: 0 = AM, 1 =PM 


If the time counter is set for 24-hour time, bit 7 is don’t 
care. 


3. Day-of-month counter: 01 to 28, 29, 30 or 31. 
4. Month counter: Jan. = 1, Dec. = 12 

Bit 7: 0 = No leap year, 1 = leap year 
Setting the Time 


The time counters, from seconds to months, are accessed 
and written into using the procedure described below. Data 
entered is in BCD format. For example, 12 seconds in the 


seconds counter would be represented as 00010010. The 
hours counter, however, utilizes its upper bits for AM/PM 
designation and 12/24-hour selection. Moreover, bit 7 in the 
months counter is set by the user to indicate leap year. All of 
these bits must be set as required in addition to the BCD 
hour and month information. For example, if 4 PM is written 
to the hours counter, a BCD code of 00000100 for the hours 
plus a 1 in bits 6 and 7 to enable PM and 12-hour operation 
would require a data byte of 11000100 (Hex C4). 


Procedure to Set the Time 


1. Chip selected and address 7 present on the address lines 
to access the control register. 


2. Write to control register with the required data byte. Bit 3 
must be set to zero. 


3. Use addresses 2 to 6 to access seconds-to-months 
counters, in any order, and load appropriate data byte. 
(BCD data plus bits 6 and 7 in hours counter and bit 7 in 
month counter.) 


4. Writing to the seconds counter resets the last 7 stages of 
the prescaler, thereby setting an accuracy of 10 millisec- 
onds. 


Setting the Alarm 


Figure 24 shows the alarm logic. As previously described, bit 
3 in the control register must be a 1 to direct subsequent 
data to the alarm latches. A comparator circuit compares the 
time and alarm latch seconds, minutes, and hour outputs. 
When this comparison is true and bit 3 in the control register 
is set to 1, an alarm is generated that activates the interrupt- 
out pin and sets bit 7 in the status register to a high logic 
level. The two most significant bits in the hours time counter 
are used for an AM/PM indication (User set for AM or PM 
with subsequent toggling every 12 hours) and to set 12/24- 
Out operation. 


If bit 6, the 12/24-hour control bit, is set to zero (24-hours), a 
match of bit 7 (AM/PM) between the hours time counter and 
alarm latch is not required to generate a true comparison. 
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FIGURE 24. ALARM LOGIC 


When an alarm occurs, there is a delay of 30 microseconds 
before the alarm bit is set in the status register. The inter- 
rupt-out pin signal is also delayed for this period. Addition- 
ally, if a clock out was selected that also activates the 
interrupt-out in coincidence with the alarm-out signal (for 
example, clock-out set for one second and any alarm-time 
set), the status register will indicate a clock-out transition (bit 
6 = 1) 30 microseconds before bit 7 is set to 1 in the status 
register. 


Resetting the Interrupt-Out Signal and Status Register 


There are two methods of resetting the interrupt-out signal 
and status register once an alarm or clock-out transition has 
occurred. 


Reset Pin (Schmitt Input) 

A low on the reset pin will accomplish the following: 
1. Set the interrupt-out pin high. 

2. Clear the status register. 


3. Place 30 Hex in the hour alarm latch. This entry will pre- 
vent an inadvertent interrupt when programming the time. 


Control Register Write 


Writing to the control register sets the interrupt-out high and 
clears the status register. 


Power-Down Operation 


Figure 25 shows power-down input-control logic. A low on 
the power-down pin (Schmitt input) activates the real-time- 
clock’s power-down function. This function is enabled at the 
trailing edge of a read or write signal and, therefore, power 
down will not occur until the read or write cycle is concluded. 


When power down is activated, the following events occur: 
1. Read and write control signals and disabled. 


2. The data bus is placed in an input condition and logic 
transitions are ignored. (Therefore, the bus must be ter- 
minated.) 


3. The clock-out signal is set low. 
4. The interrupt-out pin is tri-stated. 


The clock continues to keep time and there is no appreciable 


POWER DOWN 


change in operating power. The interrupt output will go low if 
an alarm or clock transition (internal clock transition) occurs 
after power down has been initiated. An application using 
the power-down feature to control a microprocessor’s clock 
signal is illustrated in Figure 26. This application is especially 
appealing in a CMOS circuit design where only quiescent 
current will be drawn when the processor's clock input is dis- 
abled. 


CDPI879 


PIN 3 
TO POWER 


READ ENABLE 


WRITE ENABLE 


FIGURE 25. POWER-DOWN INPUT-CONTROL LOGIC 


In an operational sequence utilizing the circuitry of Figure 
26, the serial Q output of the CPU is activated after the clock 
is configured with an alarm time. The oscillator then stops 
and the device enters the power-down mode. When the 
alarm activates and the INT output is set low, the CPU resets 
and polls the EF1 flag to determine whether a cold or warm 
start routine is in order. The control register is then written to, 
an event that resets the interrupt requests. 


Any general-purpose microprocessor can utilize the low 
operating power of the real-time clock. Typical operating cur- 
rent with a crystal-controlled oscillator at 32kHz and 5V is 
100 microamperes, and at 4MHz, 600 microamperes. The 
trade-off between high frequency and accuracy and low-fre- 
quency operation with lower power consumption must be 
resolved by the user. The ease of programming and the fea- 
tures offered by the real-time clock aid the designer and 
lower the level of programmed support required. 
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Power Considerations 


The CDP1879 power requirements are shown in Table 3. 
The values listed are maximum limits with a Vpp of +5% and 
a temperature range of -40 to 85°C. 


Table 4 shows output drive capabilities under the same 
conditions. All inputs must meet CMOS requirements with a 
minimum high of 3.5V and a maximum low of 1.5V at a VDD 
of 5V. 


Standby Operation (Low Voitage) 


When utilizing an external crystal with its on-board oscillator 
as the frequency source, the CDP1879 and CDP1879C1 
can operate at a supply voltage no lower than 4 volts. 
However, if a 32-kHz external frequency source is provided 
at the XTAL input pin, the clock can operate in a standby 
mode down to 2.5 volts at 0 to 70°C, and 3 volts at -40 to 
+85°C. Figure 27 shows the typical minimum standby 
voltage. Figure 28 shows that the real-time clock must be 
disabled by CS (chip-select signal) a minimum of 2 
microseconds before reaching the standby voitage level, and 
enabled again after the same period of time then the voltage 
is raised again. 


BIDIRECTIONAL DATA BUS 


TO MEMORY When the clock is in the standby mode, it functions only as a 


FIGURE 26. APPLICATION OF REAL-TIME CLOCK THATUSES timekeeping device; all read/write data accesses are 
POWER-DOWN FEATURE TO CONTROL A_ disallowed. 
MICROPROCESSOR’S CLOCK SIGNAL 


TABLE 3. POWER REQUIREMENTS OF THE REAL-TIME CLOCK 


POWER-SUPPLY VOLTAGE 


Phe 


milliamperes 


INPUT FREQUENCY 


Operating current with 32 kHz* 
crystal oscillator 1 MHz 
2MHz 


4MHz 


Operating current with 
external clock source 


*CDP1879C1 only 


TABLE 4. OUTPUT DRIVE CAPABILITIES 


Data-but and interrupt-out drive milliamperes 
(Sink) 
(Source) 
Clock Out (Sink) milliamperes 
(Source) 
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TYPICAL MINIMUM TIMEKEEPING 

(STBY) VOLTAGE 

32.768 KHZ EXTERNAL CLOCK 
t 


a 3 
- 
a) 
° 
> 
a2 
a 
> 
GUARANTED TIMEKEEPING 
\ VOLTAGE 
-40°C<T<85°C VDD=3V 
o°c<T=70°C VDD =2.5V 
-40 -20 re) 20 40 60 80 100 


TEMPERATURE (°C) 


FIGURE 27. TYPICAL MINIMUM STANDBY VOLTAGE 


Oscillator Operation 


The CDP 1879 operates with a crystal connected to its XTAL 
and XTAL inputs, or accepts an external clock source at its 
XTAL input that has a rise and fall time of less that 10 micro- 
seconds. Typical oscillator parameters are listed in Table 5; 
suggested circuits are described in Figures 29 through 32. 


STBY VOLTAGE 
0295Vpp MODE 


0.95 Vop 


cS 


*t ite >Ips 


Standby Characteristics - Full Standby Temperature Range 


Twin [wax _[ wn _[_wax_|_unmrs 


(b) 


FIGURE 28. STANDBY-VOLTAGE WAVEFORMS AND TIMING DIAGRAM (a), AND CHARACTERISTICS (b). 


CDPI879 
EXTERNAL 


FREQUENCY 
PIN 23 SOURCE 


PIN 22 


FIGURE 29. CONNECTIONS FOR CDP1879 WHEN AN EXTER- 
NAL FREQUENCY SIGNAL IS SUPPLIED 


CDPI879 


CRYSTAL 


co = 


FIGURE 31. SUGGESTED OSCILLATOR CIRCUIT FOR 1, 2, OR 
4-MHz OPERATION 


CDOPI879Cl 


cs hae ae? l= 


FIGURE 30. SUGGESTED OSCILLATOR CIRCUIT FOR 32kHz 
CRYSTAL OPERATION 


1/73 CD54/74HCO4 CDPI879 


FIGURE 32. TYPICAL EXTERNAL-CLOCK-SOURCE DIAGRAM 
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Design Considerations for a Stable Crystal Oscillator 


1. Stray capacitance should be minimized for best oscillator 
performance. Circuit-board traces connected to the oscil- 
lator pins should be kept to a maximum of 1 inch, and 
there should be no parallel traces. 


2. A signal or power-source line must not cross or approach 
the oscillator-circuit line. 


3. It is advisable to put a nonelectrolytic 0.1-microfarad 
capacitor between Vpp and Vg of the CDP 1879. 


Real-Time-Clock System 


Figure 33 illustrates a working system in which the CDP1879 
is configured for I/O operation to display time in minutes and 
hours. Figure 34 shows the real-time-clock flowchart. A 
CDP1802 processor outputs instructions and data in a two- 
level device-selection scheme. An output instruction of OUT 
1 (Hex 61) activates the processors N lines, and is decoded 
by the CDP1873C to provide a chip-select signal to the 
CDP1875C output port. The data present on the data bus 
during the output instruction is latched in the CDP1875C and 
provides the chip-select signal for the clock or the 
CD22105A LCD driver. 


If no other OUT 1 instruction with different bus data is issued 
by the processor, the device will remain selected. Subse- 
quent output and input instructions will then address the 
clock, if it is selected, to read or write to its registers. When 
the LCD driver is selected, the processor's OUT 2 instruc- 
tions load the driver with the display information. 


The backplane signal from the LCD driver is input to one of 
the processor's flag lines, and is sampled to flash the colon 
by placing the colon input, via the processor's Q line, in or 
out of phase with the backplane signal. The CDP1879’s 
clock-out signal is set for one second, and drives the proces- 
sor’s interrupt to turn the display colon off. A routine in the 
main program turns the colon on when the interrupt is not 
present. 


A sample program that illustrates the CDP1879’s clock-out 
signal and alarm capability is listed in Figure 35. The alarm 
routine is written to flash eights when the alarm activates. 
The clock will continue to keep time and will display it along 
with the alarm display. 


Reference 


“CMOS Real-Time Clock,” CDP1879/CDP1879C-1, 
Sheet, File No. 1360 


Harris Data 


TABLE 5. TYPICAL OSCILLATOR-CIRCUIT PARAMETERS FOR SUGGESTED OSCILLATOR CIRCUITS 


PARAMETER 


*“CDP1879C1 Only 


DATA BUS 


OSCILLATOR FREQUENCY 
4.197 MHz 2.097 MHz 1.049 MHz 32768 Hz* UNITS 


I-0/MEM 


50K (max.) 


DIGIT DATA 


CD22105A 


SELECTION 


CDPI879 61 10 
CD22105A 61 80 


CDPI879 


FIGURE 33. REAL-TIME CLOCK SYSTEM 
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START 
DISABLE 
INTERRUPTS 


LOAD INTERRUPT ROUTINE 
TIME AND ALARM 
RETURN 


INPUT TIME 


DISPLAY TIME 
ENABLE INTERRUPT 


DISABLE INTERRUPT 


FIGURE 34. REAL-TIME-CLOCK FLOWCHART 
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CHK 
ON 
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OFF 
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... PROGRAM DISPLAYS 8:30 A.M. AND FLASHES 
... 8'S AND TIME WHEN ALARM ACTIVATES 


. AT 8:31:10. 


.. INTERRUPT ON PROCESSOR CONNECTS TO 1 SEC. 
.. CLOCK OUT ON CDP1879. EF2 CONNECTS TO 
.. BACKPLANE SIGNAL ON LCD DRIVER. 
. INTERRUPT ROUTINE IS USED TO TURN COLON OFF 
.. BY SAMPLING EF2 AND TOGGLING Q. 
.. TWO LEVEL I/O IS USED FOR SELECTION 
.. CLOCK IS SELECTED WITH 61 10 
.. LCD DRIVER IS SELECTED WITH 61 80, 
. AND 62 INSTRUCTIONS LOAD DRIVER AFTER SELECTION 


DIS; DCOOH 

LDItA1 (ENTER) ;PHI R1 
LDI AO (ENTER) ;PLO R1 
OUT 1; DC 010H 

OUT 7; DC 003H 

OUT 2; DC 000H 

OUT 3; DC 030H 

OUT 4; DC 048H 

OUT 7, DC 0OOBH 

OUT 2; DC 010H 

OUT 3; DC 031H 

OUT 4, DC 048H 

OUT 7; DC OCFH 


SEX 0; OUT1;DC 010H 
LD! A.1 (MIN), PHI R8 
LD! A.0 (MIN); PLO R8 
SEX 8 

INP 3; PLO R7 

ANI OFH 

STXD; GLO R7 

ANI OFOH 
SHR;SHR;SHR;SHR 
ADI 010H; STXD 

INP 4; PLO R7 

ANI OFH 

ADI 020H; STXD 

GLO R7; ANI 030H 
BNZ HR 

LDI O3FH; STR R8& 

BR OUT 


SHR:SHR:SHR:SHR 

ADI 030H 

STR R8 

SEX 0 

OUT 1; DC 080H 

SEX 8 

OUT 2; OUT 2; OUT 2; OUT 2 
SEX 0 

RET; DC 00H 

DIS; DC 00H 

OUT 1, DC 010H 

SEX 8 

INP 7; XRI OCOH 

BX ALARM 

B2 ON 

REQ, BR INPUT 

SEQ 

BR INPUT 

LD! A.1 (MIN); PHI R8 
LD! A.0 (MIN); PLO R8 
LD! 008H; STXD 

LDi 018H; STXD 

LD! 028H; STXD 

LD! 038H: STR R8 

SEX 0; OUT 1; DE 080H; SEX 8 
OUT 2; OUT 2, OUT 2, OUT 2 
BR CHK 

SEP RO 

B2 OFF 

SEQ 

BR SET 

REQ 

LD! A.1 (INPUT); PHI RO 
LDI A.0 (INPUT); PLO RO 
BR BACK 


DS 3 
DS 1 


. SET INTERRUPT POINTER 


SELECT CLOCK 


.. LOAD C.R. 

.. ZERO SECONDS 

. 30 MINUTES 

. BAM. 

.. SELECT ALARM LATCH 


10 SEC. ALARM 


. 31 MIN. ALARM 


8 A.M. ALARM 


. ONE SEC. CLOCK 
.. ALARM ACTIVATES 1 MIN. 
. 10 SEC. AFTER START 


. SELECT CLOCK 


.. INP MINUTES 


MASK UPPER 


... STR LOW MIN 
... MASK LOWER 


.. ADD CHAR. POS. 

_. INPUT HOURS 

.. MASK UPPER 

_ ADD CHAR POS. 

. MASK 6 BITS 
CHECK FOR 0 HRS 

.. STR BLANK HRS 


ADD CHAR. POS. 


. SELECT LCD DRIVER 


LOAD DRIVER 


.. ENABLE INT TO SAMPLE CLOCK OUT 
.. ISABLE INT 


.. READ STATUS REG 
.. FOR ALARM 


COLON ON 


... REPEAT 


. LEAD 8’S INTO 
. LCD DRIVER 


.. RETURN MAIN 

.. ENTER POINT FOR 

.. INTERRUPT ROUTINE 
... COLON OFF 


.. RESET P.C. 


FIGURE 35. REAL-TIME-CLOCK PROGRAM 
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Harris Digital 


THE CDP1871A KEYBOARD ENCODER 


Author: D. Derkach 


The CDP1871A Keyboard Encoder’ interfaces directly 
between a CDP1800-series (or other) processor and a 
mechanical keyboard array. It services up to 53 ASCll-coded 
keys and up to 32 Hex-coded keys. This note describes the 
encoder’s operation, explains its dynamic electrical 
characteristics, and features those factors that will affect 
device operation when the encoder is used with a non- 
1800-series processor. 


Operation 


The CDP1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic. Figure 1 
shows a block diagram of the device, Figure 2 the terminal 
diagram, and Figure 3 the control schematic; the Appendix 
contains operational information as well as recommended 
operating conditions and electrical characteristics. 


The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1 - D11) and the sense lines 
(S1 - S8). The outputs of the internal five stage scan counter 


are conditionally encoded by the ALPHA, SHIFT, and 
CONTROL inputs, Appendix Table A-1, and are used to 
drive the D1 - D11 output lines high, one at a time. Each D1 
- D11 output may drive up to eight keys, which are sampled 
by the sense-line inputs (S1 - S8). The $1 - S8 inputs are 
enabled by the internal three stage scan counter. 


The control logic interfaces with the CDP 1800-series I/O and 
timing signals to establish timing and status conditions for 
the CDP1871A. 


The TPB input clocks the scan counters, and is also used to 
reset the data available output (DA). When a valid keydown 
condition is detected on a sense line, the control logic 
inhibits the clock to the scan counters on the next low-to- 
high transition of TPB, and the DA output is set low. The 
scan-counter outputs (C1 - C8) represent the ASCII and 
HEX key codes (Appendix Table A-2), and are used to drive 
the BUS 0 - BUS 7 outputs, which interface directly to the 
CDP1800-series data bus. 


SCAN CLOCK 


3-STAGE 
SCAN COUNTER 


ISELECT\CS 
GATE 


KEY DOWN 
OETECT 


5-STAGE 
SCAN COUNTER 


DRIVERS 


40 LEAD DIP 
TOP VIEW 


RPT 
TPB 
0A 
BUS 7 
BUS 6 
BUS 5 
BUS 4 
BUS 3 
BUS 2 
BUS | 
BUS 0 
csS4 
CS3 
cS2 
csi 


ON Muar wn — 


FROM TO = = FIGURE 2. TERMINAL 
KEY BOARD KEY BOARD DIAGRAM 
(2-557 9) CD neiv 6? 6) «= 
S! Lines $8 Dl LINES Ol! ALPHA SHIFT CONTROL 


FIGURE 1. BLOCK DIAGRAM OF THE CDP1871A KEYBOARD ENCODER 
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The BUS 0 - BUS 7 outputs, which are normally tristated, are 
enabled by decoding the CS inputs during a CPU input 
instruction. The low-to-high transition of TPB during the input 
instruction resets the DA output high. Once the DA output 
has been reset, it cannot go low again until the present key 
is released and a new keydown condition is detected. (This 
arrangement prevents unwanted repeated keycode outputs, 
which may be caused by fast software routines.) 


After the depressed key is released and the debounce delay 
(determined by Rx, Cx) has occurred, the scan clock inhibit 
is removed, allowing the scan counters to advance on the 
following high-to-low transitions of TPB. This condition 
provides an N-key lockout feature, which prevents the entry 
of erroneous codes when two or more keys are pressed 
simultaneously. The first key pressed in the scanning order is 
recognized, while all other keys pressed are ignored until the 
first key is released and read by the CPU, at which time the 
next key pressed in the scanning order is detected. 


If the first key remains closed after the CPU reads the data 
and resets the DA output (on the low-to-high transition of the 
TPB), an auxiliary signal (RPT) is generated. This signal is 
available to the CPU, and indicates an auto-repeat condition. 
The RPT output is reset high at the end of the debounce 
delay after the depressed key is released. 


The debounce input (pin 36) provides a terminal connection 
for an external user-selected RC circuit designed to 
eliminate detection of a keydown condition caused by 
keyboard noise. The operation of the debounce circuit is 
explained below with the aid of Figures 1 and 3. 


When a valid keydown is detected, the on chip active-resis- 
tor device (Rx) is enabled, and the external capacitor (Cy) is 
discharged, providing a key closure debounce time of 
approximately RuCy. The discharge of Cy is sensed by the 
Schmitt trigger inverter, which clocks the DA flip-flop 
(latching the DA output low and inhibiting the scan clock). 
(The DA flip-flop is reset by the low-to-high transition of TPB 
when the CS inputs are enabled.) 


When a valid key release is detected, Ry is disabled and Cy 
begins charging through the external resistor (Rx), providing 
a key release debounce time of approximately RyCy. The 
change in charge is, again, sensed by the Schmitt trigger 
inverter, enabling the scan clock to continue on the next 
high-to-low transitions of TPB, after the current keycode data 
is read by the CPU. 


Functions of Terminals 
Di - D11 (Outputs) 


Drive lines for the 11 x 8 keyboard switch matrix. These 
outputs are connected through the external switch matrix to 
the sense lines (S1 - S8). 


S1 - $8 (Inputs) 


Sense lines for the 11 x 8 keyboard matrix. These inputs 
have internal pull-down resistors, and are driven high by the 
drive line when a keyboard switch is closed. 


CS1, CS2, CS3, CS4 (Inputs) 
Chip-select inputs, which are used to enable the tristate data 


bus outputs (BUS 0 - BUS 7),and to enable the resetting of 
the status flag (DA) on the low-to-high transition of TPB. 


These four inputs are normally connected to the N-lines 
(NO - N2) and MRD output of the CDP1800-series 
microprocessor. 


BUS 0 - BUS 7 (Outputs) 


Tristate data bus outputs that provide the ASCII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS O - BUS 7 terminals of the 
CDP1800-series microprocessor. 

DA (Output) 

The data available output flag, which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A. 


This output is normally connected to a flag input (EF1 - EF4) 
of the CDP1800-series microprocessor. 


TPB (Input) 
The input clock _used to drive the scan generator and reset 


the status flag (DA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 


RPT (Output) 
The repeat-output flag used to indicate that a key is still 


closed after data has been read from the CDP1871A (DA 
high). It remains low as long as the key is closed, and is 
used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1 - EF4) of 


the CDP1800-series microprocessor. 
Debounce (input) 


This input is connected to the junction of an external resistor 
to Vpp and an external capacitor to Vsgs. It provides a 
debounce time delay (t = RC) after the release of a key. The 
external pull-up resistor is required under all circumstances. 


Alpha, Shift, Control (Inputs) 


A high on the shift or control input will be internally latched 
(after the debounce time), and the drive and sense line 
decoding will be modified as shown in Appendix Table A-1. 
These inputs are normally connected to the keyboard, but 
produce no code by themselves. The shift and control inputs 
have internal pull-down resistors to simplify use with 
momentary-contact switches. The alpha input is not latched 
and is designed to provide an alpha-lock function when used 
with a standard SPDT switch. When alpha = 1, the drive and 
sense line decoding will be modified as shown in Appendix 
Table A-1. 


Vop Vss 

Vpp is the positive supply voltage input. Vsg is the most 
negative supply voltage terminal, and is normally connected 
to ground. All outputs swing from Vss5 to Vpp. The 
recommended input-voltage swing is also from Vgs to Vpp- 


Figure 4 shows a CDP1800-series processor operating in its 
/O mapped mode with the keyboard encoder. 
CDP1800-series processors have fourteen I/O instructions 
and three dedicated output lines (NO - N2) that are used 
for 1/O functions. The N lines are toggled when the I/O 
instructions are used; otherwise, they remain at a low level. 


Unlike memory-mapping, when the processor outputs 
and inputs data, the memory is the source of the system 
data when the input or output instructions are executed. 
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FIGURE 3. CDP1871A CONTROL SCHEMATIC 
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FIGURE 4. TYPICAL CDP1800-SERIES MICROPROCESSOR SYSTEM USING THE CDP1871A 
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For example, an input instruction writes data to the memory 
and the processor; therefore, the read line remains high 
while the write line goes low. An output instruction outputs 
data from the memory. In this case, the read line goes low 
and the write line remains high. 


An important input to the encoder is the TPB signal. This 
timing signal occurs at the end of the machine cycle of a 
CDP1800-series processor and is used to clock the 
encoder’s scan counter. It also resets the data available 


CURVE No 


: TPB town 


rae pac | 


4 RPT 


signal when the encoder is selected. It is synchronous in that 
it must not toggle when the chip is selected and data is being 
read from the encoder. 


The TPB signal is used to strobe data into a peripheral. Note 
in Figure 4 that the read line is used in addition to the N lines 
to select the encode; therefore, the only time the encoder will 
drive the data bus is when the proper input instruction is 
executed. The encoder is not selected until the N lines are at 
the required levels and the read line is high. When a key 
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FIGURE 5. CDP1871A DYNAMIC TIMING DIAGRAM (NON-REPEAT) 
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closure is detected by the CDP1871A, the data available 
signal is activated; the processor is alerted by sensing its EF 
flag input. The processor then performs an input instruction 
to capture the key data. 


Dynamic Electrical Characteristics 


The dynamic electrical characteristics of the CDP1871A are 
shown in Table 1, and the timing diagrams in Figure 5. The 
clock cycle time, the first entry, A, Table 1, and curve 1 in the 
timing diagram of Figure 5, TPB, define the high and low lim- 
its of the clock cycle as tcc + towH + tew_. TPB must remain 
high for at least 100 nanoseconds (B). The low portion of the 
clock cycle (tcw_) consists of tcp! (E) and the keyboard 
capacitance. This parameter is selected to allow the TPB 
clock pulse time to ripple through the scan counters. The 
maximum frequency of TPB is 400kHz at 5 volts Vpp and 
800kHz at 10 volts Vop 


Table parameters C and D and curve 3 define the data 
available valid and invalid (reset) delays. The delays are 
measured from the leading edge of the TPB signal. The valid 
delay signal is activated on the first TPB signal after the 
leading edge debounce time when a key closure is detected, 
and returns high when the encoder is selected on the low-to- 
high transition of TPB. The valid data out delay and hold 


times from chip select are shown in table entries F, G and 
curve 8. The final parameters, H and J, refer to the repeat 
signal set and reset level delays measured from the leading 
edge of the TPB; curve 10, Figure 6. 


Note in Figure 5 that the action starts when a key closure is 
sensed by the encoder; curve 2. On the next low-to-high 
transition of TPB, the debounce time of RyCy occurs as Cy 
discharges through the transistor and the Schmitt trigger 
clocks the data available flip-flop; curve 3. The Ry value of 
the transistor is about 200 ohms, so that, with an external 
capacitor of 0.1 micro farads, a 20 microsecond delay can be 
expected. The key release trailing edge debounce time is 
calculated from the values of the external capacitor and 
resistor (Rx, Cx). With a 0.1 microfarad capacitor and a 100 
kilohm resistor, the debounce time will be 10 milliseconds. 


Once the data available signal has been reset (chip selected 
and TPB high), the scan counter operates again on the next 
trailing edge of TPB, curve 6, and table parameter E. Note in 
Figure 6 that the repeat signal is activated when the data 
available signal is reset high while the key is still closed; 
curves 9 and 10. The repeat signal is reset after the 
debounce time on the next leading edge of the TPB signal 
when the key is no longer closed. 


TABLE 1. DYNAMIC ELECTRICAL CHARACTERISTICS OF THE CD1871A 
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Use With Other Processors 
CDP1873 


Although the keyboard encoder has been designed to DECODER 
operate with CDP1800-series processors, it can be used 
with other processors if certain precautions are followed. 


The encoder is designed as an 1/O port; it is not intended to 
operate with its chip selects active at all times. If this feature 
is desired, connect an external Schmitt trigger to the 
debounce pin and place a tristate latch on the data bus. ASYNCHRONOUS 


The most likely use of the CDP 1871A will be as an I/O port, A/D BUS Stock F) 
and the concern here is the synchronization of the TPB 

input. The TPB must be held high when the chip selects are 
active to reset the data available signal. If the TPB is allowed 
to toggle with the chip selected before it is read, it can hold 
the data available flip-flop in reset continuously, and can The keyboard encoder can be used to advantage with 
clock the scan counter. another popular processor, the 8085. Figure 10 shows a 


Figure 7 shows the encoder connected to a CDP6805 circuit that interfaces the two devices with an OR gate anda 
processor. It can interface directly in this arrangement since NAND gate. In this circuit, the only time the encoder a 
the DS output from the CDP6805 is similar to the timing of rive the data bus is when it is selected and the read signal 
the TPB timing signal of the CDP1800. However, ina 5MHz_ ‘|S active. Since there is no DS equivalent in the 8085 proces- 
system, DS occurs every microsecond, too fast for the 5° the additional device shown in the figure is needed. 
encoder’s requirement of a TPB input less than 400kHz at 5 

volts. If a divider is used to lower the TPB input, synchroniza- DECODER 

tion will be lost. A way around this problem is to use a NAND CoP1873 

gate in front of the TPB input and to have one of its inputs 
tied to the active-low chip select; Figure 8. Then, when the 
CDP1871A is selected, the TPB input will be forced high and 
TPB will only toggle again after the encoder is read and the 
chip select signal is again false. 


FIGURE 9. METHOD OF ASSURING THAT TPB REMAINS HIGH 
DURING CDP1871A SELECT TIMES 


COP1873 
DECODER 


A/D BUS Ps FIGURE 10. A CDP1871A/CDP6805 INTERFACE EMPLOYING 
AN OR AND A NAND GATE 


FIGURE 7. APPLICATION OF THE CDP1871A AND CDP6805 ; 
PROCESSOR Figure 11 shows the encoder connected to the 6502 


processor. The timing for this part is similar to that for the 
CDP6805, and the same concerns apply. 


COP1873 
DET ODER 


APPLICATION 
NOTES 


A/D BUS 8 


FIGURE 8. CIRCUIT FOR PREVENTING LOSS OF SYNCHRO- 


COPI87IA OEBOUNCE 


NIZATION IN CDP1871A/CDP6805 INTERFACE A HB 
Note that DS enables the decoder, so that during the time 
that the processor is placing its low address on the data bus, ‘ Ce MAe 
the CDP1871A is disabled. If an asynchronous clock is used Lock] a 
oD 


for the TPB input, as shown in Figure 9, the NAND gate can 
be used to assure that TPB remains high during the 
CDP1871A select times. FIGURE 11. A CDP1871A/CDP6502 INTERFACE 
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Reference 


1. “CMOS Keyboard Encoder, CD1871A,” RCA Solid State File No. operating voltage range: 4 to 10.5 volts for the A version, and 4 
1374. (The CDP1871A comes in two versions: CDP1871A and to 6.5 volts for the AC version.) 
CDP1871AC. The two are identical except for recommended 


Appendix 
TABLE A-1. DRIVE AND SENSE LINE KEYBOARD CONNECTIONS+ 
DRIVE LINES 


eT [enor [out [oa 


Oe | Me |e Re 


Vv 


Carriage 
Return 
= 
Wed 
ETB | 


SHIFT* ALPHA* $ Showing ASCII outputs for all combinations with and without 
KEY: SHIFT, ALPHA LOCK and CONTROL. 
NORMAL CONTROL” 


*CONTROL Overrides SHIFT and ALPHA 


= No Response 


Ez 
2 | 
ea 
Li 
=a 
ee 
Es 
ee! 


Pe 
a 
SUB 
aa 
wi 
res 
Tas 
Poe | — | 


t Drive lines 8, 9, 10 and 11 generate non-ASCII hex values which 
can be used for special codes. 
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TABLE A-2. HEXADECIMAL VALUES OF ASCil CHARACTERS 


b7 —————— 
oc 


LSD PS ete i 


TABLE A-3. RECOMMENDED OPERATING CONDITIONS AT T, = -40°C to +85°C 
For Maximum Reliability, Operating Conditions should be selected so that operation is always within the following ranges: 


*CDP1871ACD 
CDP1871ACE 


CHARACTERISTIC 


Supply Voltage Range 
| Recommended Input Voltage Range 


Clock Input Frequency, TPB 
(Keyboard Capacitance = 200pF) 


“D in suffix indicates ceramic package; E indicates plastic package. 


APPLICATION 
NOTES 
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TABLE A-4. STATIC ELECTRICAL CHARACTERISTICS at T, = -40°C to +85°C, Except as Noted 


CDP1871AD CDP1871ACD 
CDP1871AE CDP1871ACE 
Vin 
SYMBOL vw | w 


eens 


a 


CHARACTERISTICS 


Vpoo 
co 
| = [oto] 10 


UNITS 


Output Low Drive (Sink) Current 
(except debounce and D1 - D11) 


Debounce 


o 
Fe 


Output High Drive (Source) 
Current 


Input Low Voltage Vir 
(except Debounce) 


= 


Input High Voltage Vin 
(except Debounce) 


Debounce Schmitt Trigger 
Input Voltage 


_ ak 
oO So 


Positive Trigger Voltage 


o 


= 

© 
é : 
1é¥) on 


Negative Trigger Voltage 


> _ 
So 
a 2 
oo % 
- 3 
© © 


Hysteresis 


Output Voltage Low Level VoL 
Output Voltage High Level Von 
Input Leakage Current 

(except S1 - S8, Shift, Control) 
3-State Output Leakage Current lout 


Pull-Down Resistor Value 
(S1 - S8, Shift, Control) 


Operating Current 
(All outputs unloaded) 


< 
x 


z 


~ © 2 
° ¢ ¢ 
N = ~ > a 


pA 


nN > 


fo = 0.4MHz 


2S 
coud 
° 
> 
N 0) 
a 
0 
~J 
> 
N 0) 
a 
ES 


* Typical values are for T, = +25°C and nominal Vpp. 
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Harris Quality & Reliability 


Introduction 


Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s 
market. It also includes anticipating and accepting the 
challenges of the future. It results from a process of 
continuing improvement and evolution, with perfection as 
the constant goal. 


Harris Semiconductor's commitment to supply only top 
value integrated circuits has made quality improvement a 
mandate for every person in our work force — from circuit 
designer to manufacturing operator, from hourly employee 
to corporate executive. Price is no longer the only 
determinant in marketplace competition. Quality, reliability, 
and performance enjoy significantly increased importance 
as measures of value in integrated circuits. 


Quality in integrated circuits cannot be added on or 
considered after the fact. It begins with the development of 
capable process technology and product design. It 
continues in manufacturing, through effective controls at 
each process or step. It culminates in the delivery of 
products which meet or exceed the expectations of the 
customer. 


The Role of The Quality Organization 


The emphasis on building quality into the design and 
manufacturing processes of a product has resulted in a 
significant refocus of the role of the Quality organization. In 
addition to facilitating the development of SPC and DOX 
programs and working with manufacturing to establish 
control charts, Quality professionals are involved in the 
measurement of equipment capability, standardization of 
inspection equipment and processes, procedures for 
chemical controls, analysis of inspection data and feedback 
to the manufacturing areas, coordination of efforts for 
process and product improvement, optimization of 
environmental or raw _ materials quality, and the 
development of quality improvement programs’ with 
vendors. 


At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is 
changing from policing quality to leadership and 
coordination of quality programs or procedures through 
auditing, sampling, consulting, and managing Quality 
Improvement projects. 


To support specific market requirements, or to ensure 
conformance to military or customer specifications, the 
Quality organization still performs many of the conventional 
quality functions (e.g., group testing for military products or 
wafer lot acceptance). But, true to the philosophy that 
quality is everyone’s job, much of the traditional on-line 
measurement and control of quality characteristics is where 
it belongs — with the people who make the product. The 


Quality organization is there to provide leadership and 
assistance in the deployment of quality techniques, and to 
monitor progress. 


The Improvement Process 


| 


STAGE IV 


PRODUCT 


IMPACT ON OPTIMIZATION 
PRODUCT 
QUALITY STAGE Hl 


PROCESS 
OPTIMIZATION 


STAGE Il 


PROCESS 
CONTROL 


STAGE |! 


PRODUCT 
SCREENING 


SOPHISTICATION OF 
QUALITY TECHNOLOGY 


FIGURE 1. = OF STATISTICAL QUALITY TECHNOLOGY 


Harris Semiconductor’s quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we 
embarked on a program to move beyond Stage I, and we 
are currently in the transition from Stage Il to Stage Ill, as 
more and more of our people become involved in quality 
activities. The traditional ‘quality’ tasks of screening, 
inspection, and testing are being replaced by more effective 
and efficient methods, putting new tools into the hands of all 
employees. Table 1 illustrates how our quality systems are 
changing to meet today’s needs. 


Harris Standard Flows 


Harris Semiconductor offers a variety of standard product 
flows which cover the myriad of application environments 
our customers experience. These flows run the gamut of 
low cost commercial parts to fully qualified JAN 
microcircuits. All of these grades have one thing in 
common. They result from meticulous attention to quality, 
starting with design decisions made during product 
development and ending with the labeling of shipping 
containers for delivery to our customers. The standard flows 
offered are: 


Commercial: Electrical performance guaranteed from 
09°C to +700C 


/883: Mil-Std-883 - compliant product: contact 
the factory or local Harris Sales Office 
for details on availability and specifications 


Details of the individual process requirements are 
contained in the flow charts on the following pages. 
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Harris Semiconductor Standard Processing Flows 


VISUAL VISUAL 
INSPECTION INSPECTION 
MODIFIED PER 
MIL-STD-883 MIL-STD-883 
METHOD 2010 METHOD 2010, 
CONDITION B 50X CONDITION B, 
WITH QA INSPECT WITH QA INSPECT 


PROBE/DICE 
PREPARATION 


JAN CLASS B 
WAFER LOT 
ACCEPT 


HIGH/ROOM 
TEMP 
PROBE TEST 


ASSEMBLY (1) 


@ OPERATION 
* QAMONITOR 


SILVER GLASS DISPERSAL 
MOUNT 
SILVER GLASS BAKE 
SILVER GLASS CURE 
SILVER GLASS FIRE 


* QADIE ATTACH 
CONTROL 


WIRE BOND 


* QAWIRE BOND 
CONTROL 


PRESEAL CLEAN 
PRESEAL INSPECT 


YES YES 
YES YES 
YES YES 

2 HOUR 2 HOUR 


DIE ATTACH 
CONTROL 


YES YES 
2 HOUR 2 HOUR 


WIRE BOND 
CONTROL 


AS APPLICABLE AS APPLICABLE 
YES PER 
MIL-STD-883 
METHOD 2010, 
CONDITION B 


YES YES 
WHEN REQUIRED WHEN REQUIRED 
YES YES 
NO YES 
YES (5) YES (50) 


ALL PRE-SEAL 
OPERATIONS 
IN CLASS 100 

LAMINAR 
FLOW 


* QAPRESEAL INSPECT 
INSPECT 

PACKAGE SEALING 
STABILIZATION BAKE 


TEMPERATURE CYCLE 
(CYCLES) 


CENTRIFUGE 
TIN PLATING/SOLDER DIP 


* QALEAD FINISH 
INSPECT 


YES YES 
NO NO 


ADDITIONALLY YES YES 


AVAILABLE 


100% NONDESTRUCT 
BOND PULL 


FINE LEAK TEST 
GROSS LEAK TEST 


YES YES 
AS APPLICABLE YES 


PIND TEST 100% 20G 


PIND TEST 100% 10G 
FRAME REMOVAL 
LOAD SHIPPING TUBES 
* QAFINAL INSPECT 


* QADOCUMENTATION 
INSPECT 


AS APPLICABLE AS APPLICABLE 
NO NO 
YES YES 
YES YES 
YES YES 


METHOD 2010 
CONDITION A 


(1) Example for a PGA Package Part 


8-4 


Harris Semiconductor Standard Processing Flows (continuea) 


AC/DC SINGLE 
INSERTION TEST 
CAPABILITY; 
HIGH/LOW TEMP 


QUALITY 
CONFORMANCE 
BY MIL-STD-883 
METHOD 5005, 
GROUPS A, B, C 
AND D AS REQUIRED 


DELTAS PER 
SLASH SHEET 
REQUIREMENT 
IF APPLICABLE 


IN HOUSE PACKAGE 
MOISTURE MONITOR 
CAPABILITY 


COMPUTERIZED LOT 


TEST 


M@ OPERATION 
* QAMONITOR 


ELECTRICAL TEST 
SORTING OPERATION 


* QAMONITOR 
SERIALIZE 


PREBURN-IN ELECTRICAL 
TEST 


BURN-IN (2) 


POST BURN-IN TEST 


APPLY BURN-IN TEST 


APPLY BURN-IN PDA 
(AS APPLICABLE) 


BRAND 


EXTERNAL VISUAL 

* QUALITY 
CONFORMANCE 
INSPECTION 


YES 


YES 
GROUP A 


NO 
QUAL SAMPLES 
YES 


160 HOURS @ 
+125°C, OR 
PER 
SLASH SHEET 
YES 


YES 
YES 


YES 


YES 
GROUP A, B; 
C,D 
(AS APPLICABLE) 


TRACEABILITY 


MONITORING SYSTEM FINAL DATA REVIEW 


PACKAGE & SHIP 
OR STOCK 


YES 


(2) Burn-in test temperatures can be increased and time reduced per regression tables in Mil-Std-883, Method 1015 


Advantages of Standard Flows 


Wherever feasible, and in accordance with good value 
engineering practice, the IC user should specify device 
grades based on one of the five standard Harris 
manufacturing flows. These are more than adequate for the 
overwhelming majority of applications and may be utilized 
quite effectively if the user engineer bases designs on the 
standard data sheet, military drawing or slash sheet (as 
applicable) electrical limits. 


Some of the more important advantages gained by using 
standard as opposed to custom flows are as follows: 


e Lower cost than the same or an equivalent flow executed 
on acustom basis. This results from the higher efficiency 
achieved with a constant product flow and the 
elimination of such extra cost items as special fixturing, 
test programs, additional handling and added 
documentation. 


e Faster delivery. The manufacturer often can supply many 
items from inventory and, in any case, can establish and 


maintain a better product flow when there is no need to 
restructure process and/or test procedures. 


e Increased confidence in the devices. A continuing flow of 


QE 
a given product permits the manufacturer to mointor z ‘a 
trends which may bear on end-product performance or <5 
reliability and to implement corrective action, _ if a oO 
necessary. 5 < 
e Reduction of risk. Since each product is processed <iq 
independent of specific customer orders, the ros 


manufacturer absorbs production variability within its 
scheduling framework without major impact on 
deliveries. In a custom flow, a lot failure late in the 
production cycle can result in significant delays in 
delivery due to the required recycling time. 
Despite the advantages of using standard flows, there are 
cases where a special or custom flow is mandatory to meet 
design or other requirements. In such cases, the Harris 
Marketing groups stand ready to discuss _ individual 
customer needs and, where indicated, to accomodate 
appropriate custom flows. 
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Product Flow Chart 
Product Assurance Level /3 


PRECAP PRESEAL SEAL AND LOT 
VISUAL BAKE IDENTIFICATION 


*LSI CRITERIA | 


TEMPERATURE FINE LEAK 
CYCLING CENTRIFUGE GROSS LEAK 


POST BURN - IN 
ELECTRICAL 
TESTING 


- 5PC/+ 12PC 
TEMPERATURE | 
TESTING 


160 HR. STATIC 
OR 
DYNAMIC BURN - IN 


EXTERNAL 
VISUAL 


Optional Groups B, C and D Inspection Lot Conformance Testing 
is performed only if specifically ordered. 


Data Supplied 

Data Supplied with /3 Product Consists of: 

a) a certificate processing and screening compliance 

b) an attribute summary of Group A results 

c) Group B, C and D attribute test results (when ordered) 
C of C is provided for Generic Data 


* Modified Class B Screening 


STABILIZATION 
BAKE 


PRE - BURN - IN 
ELECTRICAL 


GROUP A QUALITY 
CONFORMANCE 
TEST 


/3 PRODUCT 


/3 Screening 


Lot Screening Tests 


SCREEN METHOD (MIL-STD-883) REQUIREMENT NOTES 
internal Visual Condition B 100% 1,2 
Modified for LSI Visual 


Stabilization Bake 1008 


Temperature Cycling 1010 


Constant Acceleration 2001 


(Centrifuge) 


Seal 
A) Fine 
B) Gross 
Initial (Pre-Burn-In) 
Electrica! Parameters 
at +259C 


Burn-In 
Interim (Post Burn-In) 
Electrical Parameters at +25°9C 


1014 
AorB 
C 


Final Electrical Test at 
at -559C/+125°9C 


External Visual 
NOTES: 


1. Internal Visual Inspectlon Modified for LSI 2. 


Internal Visual Inspection is performed to MIL-STD-883, Method 2010, Con- 
dition B except as follows. 


A. High magnification Inspection is performed at 200X to 300X and 


applies to the high current areas of the chip. The remainder of the chip is _—B. 


inspected at 75X to 150X where high magnification is required. Cc 


B. Metaliizatlon Volds (3.2.1.2) Criteria 3.2.1.1a Metallization Scratches, 
and 3.2.1.2a Metallization Voids shall also apply to metallization over a D 
passivation step (3.2.1.1d, 3.2.1.2b) Underlying oxide must also be 
exposed. 


C. Metallization Alignment (3.2.1.7), Diffusion and Passivation Layer(s) 
Faults (3.2.0). 


High magnification inspection is performed at 200X to 300X, applied to 
the center and two opposite corners of the chip, consisting only of the 
area exposed to the immediate field of view 


D. Serlbing and Die Defects (3.2.3) In addition: 


Acrack that exceeds 5.0 mils in length must also point towards or cross a 
scribe grid line to be unacceptable. 


Semicircular cracks that point away from the active circuit area are 
acceptable. 


Condition C (150°C Min) 
24 Hours 


(-65°C to +150°C) 
Condition C 


Condition D or E (30,000 g) 
Y1 Dir. 


Per Applicable 
Device Specifications 


1015, 160 Hours at +1259C 
Per Applicable Device 
Specifications 


SOS Technology Devices; CDP1821, 1822, 1823, MWS5114 Only 


A Diffusion faults are not applicable. SOS devices are inspected for com- 


plete islands, bridging between islands and missing adjacent contacts 
from a row in a contact chain. 


The 1.0 mil wire clearance criteria is not applicable. 


. Passivation faults are not applicable because a second free flow oxide is 


used prior to metallization. 


. Oxide gate bridge inspection is not applicable. 


. Semicircular cracks not in an active area which start and end at the pellet 


edge are acceptable. 


. See Individual Data Sheets for Burn-In Circuits. 


. Constant acceleration (Centrifuge) Is performed at 20,000 g Condi- 


tion D for the 40 lead DIC package (CDP1802). 
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Measurement 
Analytical Services Laboratory 


Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully integrated approaches necessary to 
complete analytical studies. The capabilities of each area 
are shown below. 


SPECTROSCOPIC METHODS: Colorimetry, Optical 
Emission, Ultraviolet Visible, Fourier Transform-Infrared, 
Flame Atomic Absorption, Furnace Organic Carbon 
Analyzer, Mass Spectrometer. 


CHROMATOGRAPHIC METHODS: Gas Chromatography, 
lon Chromatography. 


THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 


PHYSICAL METHODS: Profilometry, 
Rheometry. 


Microhardness, 


CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
lon Electrodes. 


ELECTRON MICROSCOPE: Transmission Electron Mi- 
croscopy, Scanning Electron Microscope. 


X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), 
X-ray Fluorescence Spectrometry, X-ray Diffraction 
Spectrometry. 


SURFACE ANALYSIS METHODS: Scanning Auger Micro- 
probe, Electron Spectroscope/Chemical Analysis, Secon- 
dary lon Mass Spectrometry, lon Scattering Spectrometry, 
lon Microprobe. 


The department also maintains ongoing working 
arrangements with commercial, university, and equipment 
manufacturers’ technical service laboratories, and can 
obtain any materials analysis in cases where instrumental 
capabilities are not available in our own facility. 


Calibration Laboratory 


Another important resource in the product assurance 
system is Harris Semiconductor’s Calibration Lab. This area 
is responsible for calibrating the electronic, electrical, 
electro/mechanical, and optical equipment used in both the 
production and engineering areas. The accuracy of 
instruments used at Harris in calibration is traceable to the 
National Bureau of Standards. The lab maintains a system 
which conforms to the current revision of MIL-STD-45662, 
“Calibration System Requirements.” 


Each instrument requiring calibration is assigned a 
calibration interval based upon stability, purpose, and 
degree of use. The equipment is labeled with an 
identification tag on which is specified both the date of the 
last calibration and of the next required calibration. The 
Calibration Lab reports on a regular basis to each user 
department. Equipment out of calibration is taken out of 


service until calibration is performed. The Quality 
organization performs periodic audits to assure proper 
control in the using areas. Statistical procedures are used 
where applicable in the calibration process. 


Field Return Product Analysis System 


The purpose of this system is to enable Harris’ Field Sales 
and Quality operations to properly route, track and respond 
to our customers’ needs as they relate to product analysis. 


The Product Failure Analysis Solution Team (PFAST) 
consists of the group of people who must act together 
to provide timely, accurate and meaningful results to 
customers on units returned for analysis. This team includes 
the salesman or applications engineer who gets the parts 
from the customer, the PFAST controller who coordinates 
the response, the Product or Test Engineering people who 
obtain characterization and/or test data, the analysts 
who failure analyze the units, and the people who provide 
the ultimate corrective action. It is the coordinated effort of 
this team, through the system described in this document 
that will drive the Customer responsiveness and continuous 
improvement that will keep Harris on the forefront of the 
semiconductor business. 


The system and procedures define the processing of 
product being returned by the customer for analysis 
performed by Product Engineering, Reliability Failure 
Analysis and/or Quality Engineering. This system is 
designed for processing “sample” returns, not entire lot 
returns or lot replacements. 


The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and helps 
toward the goal of quick turn time. 


Goals: quick, accurate response, uniform deliverable 
(consistent quality) from each site, traceability. 


The PFAST system is summarized in the following steps: 
1) Customer calls the sales rep about the unit(s) to return. 


2) Fill out PFAST Action Request - see the PFAST form in 
this section. This form is all that is required to process a 
Field Return of samples for failure analysis. This form 
contains essential information necessary to perform root 
cause analysis. (See Figure 2). 


3) The units must be packaged in a manner that prevents 
physical damage and prevents ESD. Send the units and 
PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using “look-up” tables in the PFAST document. 


4) The PFAST controller will log the units and route them to 
ATE testing for data log. 


5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 


6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of 
material. The customer contact is valuable in analytical 
process to insure root cause is found. 


7) A report will be written and sent directly to the customer 
with copies to sales, rep, responsible individuals with 
corrective actions and to the PFAST controller so that 
the records will capture the closure of the cycle. 


8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 


9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on 
agreements. Interim results are given realtime. 


Failure Analysis Laboratory 


The Failure Analysis Laboratory’s capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing Comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 


FAILURE VERIFICATION 
EXTERNAL INSPECTION 
FINE LEAK TEST 


GROSS LEAK TEST 


SPECIAL TESTS 


FAILURE MODE 
PREDICTIONS 
SELECT ANALYSIS PATH 


FIGURE 3. NON-DESTRUCTIVE 


ELECTRICAL ANALYSIS 


Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective actions. 
To ensure the integrity of the analysis, correlation of the 
failure mechanism to the initial electrical failure is essential. 


A general failure analysis procedure has been established 
in accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. (See Figures 3 and 4). 
Records are maintained by laboratory personnel and 
contain data, the failure analyst’s notes, and the formal 
Product Analysis Report. 


DEENCAPSULATION 


INTERNAL VISUAL 
INSPECTION 


INTERNAL ELEC- | 
TRICAL PROBE 


PHYSICAL 
TESTS 
CHEMICAL 
TESTS 


ANALYSIS ANALYSIS 


REPORT 


CIRCUIT 
HISTORY 


FIGURE 4. DESTRUCTIVE 
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QUALITY AND 


RELIABILITY 


PR HARRIS 


SEMICONDUCTOR 


ORIGINATOR 


LOCATION/PHONE No. 
DEVICE TYPE/PART No. 
No. SAMPLES RETURNED 


Request # 
Customer Analysis # 


PFAST ACTION REQUEST 


Date: 


CUSTOMER 
LOCATION 


s PURCHASE ORDER No. 
QUANTITY RECEIVED 


THE COMPLETENESS AND TIMELY RESPONSE OF THE EVALUATION IS DIRECTLY RELATED TO THE COMPLETENESS 
OF THE DATA PROVIDED. PLEASE PROVIDE ALL PERTINENT DATA. ATTACH ADDITIONAL SHEETS IF NECESSARY. 


TYPE OF PROBLEM DETAILS OF REJECT 
| (Where appropriate serialize units and specify for each) 


1. 1 INCOMING INSPECTION 
1 100% SCREEN [O SAMPLE INSPECTION 
No. TESTED No. OF REJECTS 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 
1 YES O NO 


© BRIEF DESCRIPTION OF EVALUATION 
AND RESULTS ATTACHED 
2. [1 IN PROCESS/MANUFACTURING FAILURE 
O BOARD CHECKOUT 
C1] FAILED ON TURN-ON 
1) FAILED AFTER 


O SYSTEM CHECKOUT 


HOURS OPERATION 
WAS UNIT RETESTED UNDER INCOMING INSPECTION 
CONDITIONS? O YES [1] NO 
1 BRIEF DESCRIPTION OF HOW FAILURE WAS ISOLATED 
TO COMPONENT ATTACHED 
3. O FIELD FAILURE 
FAILED AFTER HOURS OPERATION 
ESTIMATED FAILURE RATE % PER 1000 HOURS 
END USER LOCATION 
AMBIENT TEMPERATURE C 
MIN. Cc MAX. C 
REL. HUMIDITY % 
[1] END USER FAILURE CORRESPONDENCE ATTACHED 


ACTION REQUESTED BY CUSTOMER 


SPECIFIC ACTION REQUESTED 


IMPACT OF FAILED UNITS ON CUSTOMER’S SITUATION: 


CUSTOMER CONTACTS WITH SPECIFIC KNOWLEDGE OF REJECTS 


TEST CONDITIONS RELATING TO FAILURE 


(1 TesTeR USED (MFGR/MODEL) 
© Test TEMPERATURE 
1 Tesr Time: © Continuous TEST 
[ OnE SHOT (T = SEC) 
[] DESCRIPTION OF ANY OBSERVED CONDITION TO 
WHICH FAILURE APPEARS SENSITIVE: 


1. O DC FAILuReEs 


0 Orens 0) SHorts © LEAKAGE (1 STRESS 

O Power DRAIN ©] INpuT LEVEL 1 OuTPUT LEVEL 

C1 List OF FORCING CONDITIONS AND MEASURED 
RESULTS FOR EACH PIN IS ATTACHED 

[7 POWER SUPPLY SEQUENCING ATTACHED 


2. © AC FAILURES 


LIST FAILING CHARACTERISTICS 


ADDRESS OF FAILING LOCATION (IF APPLICABLE) 


ATTACHED: 

O List OF POWER SUPPLY AND DRIVER LEVELS 
(Include pictures of waveforms). 

0) LisT OF OUTPUT LEVELS AND LOADING CONDITIONS 

C1) INPUT AND OUTPUT TIMING DIAGRAMS 

C1) DESCRIPTION OF PATTERNS USED 
(If not standard patterns, give very complete 
description including address sequence). 


3. 1 PROM PROGRAMMING FAILURES 


ADDRESS OF FAILURES 
PROGRAMMER USED (MFG/MODEL/REV. NO.) 


NAME os, «Ds PrtSICAL/ASSEMBLY RELATED FAILURES 


POSITION PHONE 


Additional Comments: 


O SEE COMMENTS BELOW 0 SEE ATTACHED 


FIGURE 2. PFAST ACTION REQUEST 
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Reliability 
Reliability Assessment and Enhancement 


At Harris Semiconductor, reliability is built into every 
product by emphasizing quality throughout manufacturing. 
This starts by ensuring the excellence of the design, layout, 
and manufacturing process. The quality of the raw materials 
and workmanship is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its 
useful life. Product reliability is maintained through the 
following sources: Qualifications, In-Line Reliability 
Monitors, Failure Analysis. 


Qualifications 


Qualifications at Harris de-emphasize the sole dependence 
on production product which is only available late in the 
development cycle. The focus is primarily on the use of test 
vehicles to establish design ground rules for the product 
and the process that will eliminate any wearout 
mechanisms during the useful life of the product. However, 
to comply with the military requirements concerning reliabil- 
ity, product qualifications are performed. (See Figure 5). 


In-line Reliability Monitors 


In-line reliability monitors provide immediate feedback to 
manufacturing regarding the quality of workmanship, 
quality of raw materials, and the ultimate reliability 
implications. The rudimentary implementation of this 
monitoring is the “First Line of Defense,” which is a pass/ 
fail acceptance procedure based on control charts and 
trend analysis. The second level of monitoring is referred to 
as the “Early Warning System” and incorporates wafer level 
reliability concepts for extensive diagnostic and 
characterization capabilities of various components that 
may impact the device reliability or stability. The quick 
feedback from these schemes allows more accurate 
correlation to process steps and corrective actions. 


Product/Package Reliability Monitors 


Reliability of finished product is monitored extensively 
under a program called Matrix I, Il, Ill monitor. All major 
technologies are monitored. 


Matrix | - Has a higher sampling size and rate per week and 
uses short duration test, usually less than 48 hours to as- 
sess day to day, week to week reliability. High volume types 
are prevalent in this data. Stresses - Operating Life, Static 
Life and HAST. Ta = +1259C to +200°C 


Matrix Il - Longer duration test, much like requalification. 
The sample sizes are reduced in number and frequency, 
yet meet or exceed the JEDEC Standard 29. Stresses 
Operating Life, Storage, THB, Autoclave, Temp Cycle, and 
Thermal Shock. 


Matrix Ill - Package specific test. Tests Solderability, Lead 


Fatigue, Physical Dimensions, Brand Adhesion, 
Flammability, Bond Pull, Constant Acceleration, and 
Hermeticity. 


Data from these Monitor Stress Test provides the following 

information: 

¢ Routine reliability monitoring of products by die 
technology and package styles. 


© Data base for determining FIT Rates and Failures Mode 
trends used drive Continuous Improvement. 


© Major source of reliability data for customers. 


¢ Customers have used this data to qualify Harris 
products. 


Reliability Fundamentals 


Reliability, by its nature, is a mixture of engineering and 
probability statistics. This combination has derived a 
vocabulary of terms essential for describing the reliability of 
a device or system. Since reliability involves a measurement 
of time, it is necessary to accelerate the failures which may 
occur. This, then, introduces terms like “activation energy” 
and “acceleration factor,” which are needed to relate results 
of stressing to normal operating conditions (see Table 1). 
Also, to assess product reliability requires failures. 
Therefore, only a statistical sample can be used to 
determine the model of the failure distribution for the entire 
population of product. 


Failure Rate Calculations 


Reliability data for products may be composed of 
several different failure mechanisms and requires careful 
combining of diverse failure rates into one comprehensive 
failure rate. Calculating the failure rate is further complicat- 
ed because failure mechanisms are thermally accelerated 
at varying rates and thereby have differing accelerating fac- 
tors. Additionally, this data is usually obtained from a variety 
of life tests at unique stress temperatures. The equation 
below accounts for these considerations and then inserts a 
statistical factor to obtain the confidence interval for the fail- 
ure rate. 


FIT = B Xj 
SK x109  xM 
iz1 > TDH; AF jj 
j=1 
B= _ # of distinct possible failure mechanisms 
K= # of life tests being combined 
Xj= +# of failures for a given failure mechanism 
i=1,2,...B 
TDG; = __‘ Total device hours of test time (unaccelerated) for 
Life Test; 
AFij = Acceleration factor for appropriate failure mecha- 
nism iz=1,2,...K 
M= __ Statistical factor for calculating the upper confi- 


dence limit (M is a function of the total number of 
failures and an estimate of the standard deviation 
of the failure rates) 


In the failure rate calculation, Acceleration Factors (AFjj) are 
used to derate the failure rate from thermally accelerated Life 
Test conditions to a failure rate indicative of use tempera- 
tures. Though no standards exist, a temperature of +55°C 
has been popular and allows some comparison of product 
failure rates. All Harris Semiconductor Reliability Reports will 
derate to +55°C at both the 60% and 95% confidence 
intervals. 
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FLOW - PRODUCT DEVELOPMENT RELIABILITY FOCUS 


PRODUCT DEFINITION REVIEW e Assumes Process Development Required 


k*w* 


e E H t . bi . * 
CONCEPT REVIEW va ie cS) nee ility Risks mare 
e Attain Commitment for Test Vehicle (T.V.) Development 


xw«*w* 


é , , 
DESIGN REVIEW PART 4 pene Test Vehicle Development and Stress Test Plan 
e Review Package Requirements 


e Review Latent Failure Mechanism History for Design Sensitivity and Elimination 
e Review Ground Rules for Design and Elimination of Wearout Mechanisms 


e Review Process Characterization, Statistical Control & Capability which are Design 
Considerations 


kke* 
e Review Test Vehicle Stress Results 
e Review Device Modeling & Simulations 
e Review Process Variability & Producibility 
© Define Wafer Reliability Monitor Vehicles, Application of Early Warning System 


DESIGN REVIEW PART 2 


we 


© Verify Wearout Mechanisms are Eliminated by Design & Process Control 
(Test Vehicle + SPC) 


e Evaluate Design of Chip to Package Risk Factors 
© Review Ground Rule Checks (DRCs) 


e Establish Reliability Test, Stress and Failure Analysis Capabilities. Project Failure Rate 
Based on T.V. Data. 


LAYOUT REVIEW PART 1 


kkk 
e Review Burn-in Diagrams for Production and Qualification 
e Review Overall Qualification Plan & Begin Balance of Life Test 


LAYOUT REVIEW 2 
EVALUATION REVIEW 


eke 
e Review Product Characterization to Data Sheet, ESD, Latch-up & DPA Results & 
Define Corrective Actions 
e Review of Life Test Data & Failure Mechanisms. Define Corrective Actions 
e Utilize Statistical Design of Experiments (DOX) if Required to Adjust Process or Design 
e Define Necessary Changes to Eliminate Any Systematic Failure Mechanism 
e if Mature Process - Grant Generic Release 
kk 
® Qualification Requirements Complete and Presented. Meet FIT Rate Requirements 


® Review Infant Mortality (I.M.) Burn-in Results. If Greater Than 1% at 125°C 
Determine I.M. Burn-in Requirements 


NEW PRODUCT TRANSFER 


kkk 


Reliabiltiy Monitors: 
> Real Time Early Warning Wafer Level Reliability control 
> Real Time Reliability Control of Burn-in PDA with Control Charts 
» Add-On Life Testing: - MilStd Group C&D 
- Industrial/Commercial Life Testing 
Trend Analysis of Reliability Performance Used to Develop Product Improvements 
Special Studies 


MANUFACTURE 


k*k* 


High Quality and Reliability Products to Harris Customers 


SHIPMENT 
wkk* 
CONTINUOUS IMPROVEMENT e Failure Analysis - Cee Assignable Cause of Failure 
e Closed Loop Corrective Action Process 


© Continuous Improvement Objectives in Product Reliability & Quality 


FIGURE 5. NEW PROCESS PRODUCT DEVELOPMENT AND LIFE CYCLE 


Acceleration Factors 


The Acceleration Factors (AF) are determined from the 
Arrhenius Equation. This equation is used to describe 
physiochemical reaction rates and is an appropriate model 
for expressing the thermal acceleration of semiconductor 
failure mechanisms. 


E. 1 - 1 
AF= EXP — 
Tuse T stress 
AF= _ Acceleration Factor 
E,= Thermal Activation Energy in eV from Table 8 
K= Boltzmann’s Constant (8.62 x 107» eV/Ok) 


Both Tuse and Tstresg (in degrees Kelvin) include the 
internal temperature rise of the device and therefore 
represent the junction temperature. With the use of the 
Arrhenius Equation, the thermal Activation Energy (E,) term 
is a major influence on the result. This term is usually 
empirically derived and can vary widely. 


TABLE 1. FAILURE RATE PRIMER 


GLOSSARY OF TERMS 


TERMS/DEFINITION UNITS/DESCRIPTION 


FAILURE RATE 1 


For Semiconductors, usually expressed in FITs. 


Represents useful life failure rate (which implies a constant 
failure rate). 


FITs are not applicable for infant mortality or wearout failure 
rate expressions. 


MTTF - Mean Time To Failure 


For semiconductors, MTTF is the average or mean life expectancy 
of a device. 


If an exponential distribution is assumed then the mean time to 
tail of the population will be when 63% of the parts have failed. 


CONFIDENCE INTERVAL (C. I.) 


Establishes a Confidence Interval for failure rate predictions. 
Usually the upper limit is most significant in expressing failure 
rates. 


FIT ~ Failure In Time 


1 FIT - 1 failure in 109 device hours. 
Equivalent to 0.0001 %/1000 hours 
FITs= 


# Failures x 109 xm 


# Devices x # hours stress x AF 


Factor to establish Confidence Interval! 

Establishes in terms of FITs 

Acceleration Factor at temperature for a given failure 
mechanism 


m- 
109 - 
AF - 


Mean Time is measured usually in hours or years. 
1 Year = 8760 hours 


When working with a constant failure rate the MTTF can be 
calculated by taking the reciprocal of the failure rate. 


MTTF =1/A (exponential model) 
Example: =10 FITs at +559C 


The MTTF is: MTTF =1/A = 0.1 x 109 hours 
= 100M hours 


Example: 


“10 FiTs @ a 95% C. I. @ 55°C” means only that you are 95% 
certain the the FiTs <10 at +559C use conditions. 


QUALITY AND 
RELIABILITY 
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Activation Energy 


To determine the Activation Energy (Eg) of a mechanism 
(see Table 2) you must run at least two (preferably more) 
tests at different stresses (temperature and/or voltage). The 
stresses will provide the time to failure (Tf) for the 
populations which will allow the simultaneous solution for 
the Activation Energy by putting the experimental results 
into the following equations. 


In (tq) = OC + E, In 
KT4 


(top) = C+ EQ 
KT» 


Then, by subtracting the two equations, the Activation 
Energy becomes the only variable, as shown. 


In(tyy) - In(tpo) = Eg/k(1/T1-1/T2) 
Eq = K* ((In(tey) - In(tyo))/(1/T1 - 1/72) 


The Activation Energy may be estimated by graphical 
analysis plots. Plotting In time and In temperature then 
provides a convenient nomogram that solves (estimates) the 
Activation Energy. 


Table 3 is a summary for the L7 process. 


All Harris Reliability Reports from qualifications and Group 
C1 (all high temperature operating life tests) will provide the 


data on all factors necessary to calculate and verify the 
reported failure rate (in FITs) using the methods outlined in 
this primer. 


Qualification Procedures 


New products are reliably introduced to market by the 
proper use of design techniques and strict adherence to 
process layout ground rules. Each design is reviewed from 
its conception through early production to ensure 
compliance to minimum failure rate standards. Ongoing 
monitoring of reliability performance is accomplished 
through compliance to 883C and standard Quality 
Conformance Inspection as defined in Method 5005. 


New process/product qualifications have two major 
requirements imposed. First is a check to verify the proper 
use of process methodology, design techniques, and layout 
ground rules. Second is a series of stress tests designed to 
accelerate failure mechanisms and demonstrate the 
reliability of integrated circuits. 


From the earliest stages of a new product’s life, the design 
phase, through layout, and in every step of the manufactur- 
ing process, reliability is an integral part of every Harris 
Semiconductor product. This kind of attention to detail 
“from the ground up” is the reason why our customers can 
expect the highest quality for any application. 


TABLE 2. FAILURE MECHANISM 
ACTIVATION SCREENING AND 
ENERGY TESTING METHODOLOGY 
0.3-0.5eV | High temperature operating life (HTOL) and 
voltage stress. Defect density test vehicles. 
0.3 - 0.5eV HTOL & voltage stress screens. 


FAILURE 
MECHANISM 


| Oxide Defects 


1 Silicon 
Defects (Bulk) 


Corrosion 


Assembly 
Defects 
stressing. 


Electromigration 
~ AlLine 
~ Contact 


elevated temperatures. 


0.6eV 
0.9eV 


1.3eV 


Mask Defects/ 
Photoresist 


Defects and HTOL. 


Contamination 


Charge 
Injection 


0.45eV Highly accelerated stress tesing (HAST) 
0.5 - 0.7eV 


Temperature cycling, temperature and 
mechanical shock, and environmental 


Test vehicle characterizations at highly 


Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 


C-V stress at oxide/interconnect, wafer 
FAB device stress test (EWS) and HTOL. 


HTOL & oxide characterization. 


CONTROL METHODOLOGY 


Statistical Process Control of oxide parameters, 
defect density control, and voltage stress testing. 


Vendor Statistical Quality Control programs, and 
Statistical Process Control on thermal processes. 


Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 


Vendor Statistical Quality Control programs, 
Statistcal Process Control of assembly processes 
proper handling methods. 


Design ground rules, wafer process statistical 
process steps, photoresist, metals and 
passivation 


Clean room control, clean mask, pellicles 
Statistical Process Control or photoresist- 
/etch processes. 


Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 
and clean assembly processes. 


Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 


TABLE 3. HIGH TEMPERATURE OPERATING LIFE TEST SUMMARY 


GENERIC 
GROUP GROUP NAME 


PROCESS DESCRIPTION 


C-105-5 Microprocessor SAJI CMOS L:7 1452 5.72E+06 
and Peripherals 


FAILURE 
RATE FITs 
@ 125°C | @ 559C 60% Cl 


QUANTITY 


QUANTITY FAILURE 
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Harris High Reliability Product Specification Highlights 


Harris Semiconductor is a leading supplier of high reliability 
integrated circuits to the military and aerospace community 
and takes pride in offering products tailored to the most 
demanding applications requirements. Our Manufacturing 
facilities are JAN-Certified to MIL-M-38510 and provide 
JAN-qualified and MIL-STD-883 compliant products as 
standard data book items. This Data Book contains detailed 
information on high-reliability integrated circuits presently 
available from Harris Semiconductor. 


The intent of the /883 data sheet is to provide to our 
customers a clear understanding of the testing being 
performed in conformance — with MIL-STD-883 
requirements. Additionally, it is our intent to provide the 
most effective and comprehensive testing feasible. 


Document Control 


Harris has established each of the /883 data sheets as an 
internally revised controlled document. Any product 
revision or modification must be approved and signed-off 
throughout the manufacturing and engineering sections. 
Harris has made every effort to ensure accuracy of the 
information in this data book through quality control 
methods. Harris reserves the right to make changes to the 
products contained in this data book to improve 
performance, reliability and producibility. Each data sheet 
will use the printed date as the revision control 
identification. Contact Harris for the latest available 
specifications and performance data. 


/883 Data Sheet Highlights 


Each specific /883 data sheet documents the features, 
description, pinouts, tested electrical parameters, test 
circuits, burn-in circuits, die characteristics, packaging and 
design information. The following are notes and 
clarifications that will help in applying the information 
provided in the data sheet. 


Absolute Maximum Ratings: These ratings are provided 
as maximum stress ratings and should be taken into 
consideration during system design to prevent conditions 
which may cause permanent damage to the device. 
Operation of the device at or above the “Absolute Maximum 
Ratings” is not intended, and extended exposure may affect 
the device reliability. 


Reliability Information: Each /883 data sheet contains 
thermal information relating to the package and die. This 
information is intended to be used in system design for 
determining the expected device junction temperatures for 
overall system reliability calculations. 


Packaging: Harris utilizes MIL-M-38510, Appendix C for 
packages used for /883 products. The mechanical 
dimensions and materials used are shown for each 
individual product to complete each data sheet as a self 
contained document. 


D.C. and A.C. Electrical Parameters: Tables 1 and 2 
define the D.C. and A.C. Electrical Parameters that are 
100% tested in production to guarantee compliance to 
MIL-STD-883. The subgroups used are defined in 
MIL-STD-883, Method 5005 and designated under the 
provisions of Paragraph 1.2.1a. Test Conditions and Test 
Circuits are provided for specific parameter testing. 


Table 3 provides additional device limits that are 
guaranteed by characterization of the device and are not 
directly tested in production. Characterization takes place 
at initial device design and after any major process or 
design changes. The characterization data is on file and 
available demonstrating the test limits established. 


Table 4 provides a summary of the test requirements and 
the applicable MIL-STD-883 subgroups. 


Burn-in Circuits: The Burn-in circuits defined in the 
individual data sheets are those used in the actual 
production process. Burn-in is conducted per MIL-STD- 
883, Method 1015. 


Design Information Sections: Harris provides an 
additional Design Information Section in many of the data 
sheets to assist in system application and design. This 
information may be in the form of applications circuits, 
typical device parameters, or additional device related user 
information such as programming information. While this 
information cannot be guaranteed, it is based on actual 
characterization of the product and is representative of the 
data sheet device. 


QUALITY AND 
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High Reliability Products Information 


Harris’ High Reliability Products are all produced in 
accordance with military specifications and standards, 
primarily MIL-M-38510 (General Specifications for 
Microcircuits) and MIL-STD-883 (Test Methods and 
Procedures for Microelectronics). 


MIL-STD-883 contains test methods and procedures for 
various electrical, mechanical and environmental tests as 
well as requirements for screening, qualification and quality 
conformance inspection. Method 5004 of MIL-STD-883 
lists the 100% screening tests which are required for each 
of the product assurance classes defined above. 


Following the device screening, samples are removed from 
the production lot(s) for Quality Conformance Inspection 
testing. This testing is divided into four inspection groups: 
A, B, C and D, which are performed at prescribed intervals 
per MIL-M-38510 to assure the processes are in control 
and to ensure the continued quality level of the product 
being produced. 


Group A electrical inspection involves dynamic, static, 
functional and switching tests at maximum, minimum and 
room operating temperatures. Sample sizes and specific 
tests performed depend upon the particular product 
assurance class chosen. Electrical test sampling is 
performed on all subgroups as defined in MIL-STD-883, 
Method 5005. 


Group. B_ inspection includes tests for marking 
permanency, internal visual and mechanical correctness, 
bond strength, and solderability. It is intended to provide 
assurance of the absence of lot-to-lot fabrication and 
manufacturing variances. Group B tests are again defined 
in test Method 5005. 


Group C is oriented toward die integrity and consists of 
operating life testing as defined in MIL-STD-883, Method 
5005. 


Group D environmental testing is provided to verify die and 
package reliability. Among the Group D tests are lead 
integrity, hermeticity, temperature cycling, thermal and 
mechanical shock, and constant acceleration. 


MIL-M-38510 requires that Group A and Group B 
inspection be performed on each lot, while Group C 
inspection must be done every 3 months and Group D every 
6 months to be in compliance with MIL~M-38510 JAN 
requirements. To limit the amount of testing, MIL-M-38510 
allows the multitude of micro- circuits to be grouped by 
technology, commonly known as “generic families”. Thus, 
one group C performed will cover all parts included in that 
generic family for three months. For Group D, which is 
package related, although there are some restrictions, one 
Group D performed on a 24-pin ceramic dual-in-line 
packaged part will cover all devices in the same package 
regardless of the technology group. 


For MIL-STD-883 products, Groups A and B are required 
on each lot, Groups C and D are required every 52 weeks 
by generic die family and package fabricated and 
manufactured from the same plant as the die and package 
represented. 


General Test Philosophy 


The general philosophy for test set development is to 
supply test software that guarantees the high performance 
and quality of the products being designed and 
manufactured by Harris. The general final test set includes a 
guardbanded initial test program and a QA test program for 
the quality test step. Characterization software is an 
additional test program that parametrically measures and 
records the performance of the device under test. This test 
set is used to evaluate the performance of a product and to 
determine the acceptability of non-standard Source Control 
Drawings. BSPEC and RSPEC test programs are custom 
final test programs written to conform to customer 
specifications. 


The general test development strategy is to develop 
software using a “shell” programming technique which 
creates standard test program flows, and reduces test 
development and execution times. Statistically derived 
guardbands are utilized in the “shell” programs to null out 
test system variability. High performance hardware 
interface designs are incorporated for maximized test 
effectiveness, and efficient fault graded vector sets are 
utilized for functional and AC testing. 


The initial step in generating the test set is the test vector 
generation. The test vectors are the binary stimulus applied 
to the device under test to functionally test the operation of 
the product. The vectors are developed against a behavioral 
model that is a software representation of the device 
functionality. The output of the behavioral model can be 
translated directly to ATE test vectors or prepared for CAD 
simulation. 


The philosophy in the generation of test vectors is to 
develop efficient fault graded patterns with a goal of greater 
than 90% fault coverage. There is no intent to generate a 
worst case or best case noise vector set. The intent is to 
maximize fault coverage through efficient vector use. 
Generally only one vector set will be required to enable 
complete test coverage within a given test program. 


Exceptions to this would be vector generation to test certain 
identified critical AC speed paths or DC vectors for testing 
VIH/VIL parameters. These vector sets typically will not 
increase fault coverage and can not be substituted for fault 
graded vector sets. 


The ultimate goal for testing all /883 products is data sheet 
compliancy, thoroughness, and quality of testing. By taking 
this approach to test set generation, Harris is capable of 
supplying high performance semiconductors of the highest 
quality to the marketplace. 


Non-Standard Product Offerings 


Harris understands the need for customer generated 
Source Control Drawings with non-standard parameter 
and/or screening requirements. A Customer Engineering 
Department is responsible for efficiently expediting your 
SCDs through a comprehensive review process. The 
Customer Engineering Group compares your SCD to its 
closest equivalent grade device type and works closely with 
the Product Engineer, Manufacturing Engineer, Design 
Engineer, or applicable individual to compare Harris’ 
screening ability against your non-standard requirement(s). 
For product processed to non-standard requirements, a 
unique part number suffix is assigned. 


Harris shares the military’s objective to utilize standards 
wherever possible. We recommend using our /883 data 
sheet as the guideline for your SCD’s. In instances where an 
available military specification or Harris /883 datasheet is 
inappropriate, it is Harris’ sincerest wish to work closely 
with the buyer in establishing an acceptable procurement 
document. For this reason, the customer is requested to 
contact the nearest Harris Sales Office or Representative 
before finalizing the Source Control Drawing. Harris looks 
forward to working with the customer prior to 
implementation of the formal drawing so that both parties 
may create a mutually acceptable procurement document. 
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IC Handling Procedures 


Harris IC processes are designed to produce the most 
rugged products on the market. However, no 
semiconductor is immune from damage resulting from the 
sudden application of many thousands of volts of static 
electricity. While the phenomenon of catastrophic failure of 
devices containing MOS transistors or capacitors is well 
known, even bipolar circuits can be damaged by static 
discharge, with altered electrical properties and diminished 
reliability. None of the common IC internal protection 
networks operate quickly enough to positively prevent 
damage. 


It is suggested that all semiconductors be handled, tested, 
and installed using standard “MOS handling techniques” of 
proper grounding of personnel and equipment. Parts and 
subassemblies should not be in contact with untreated 
plastic bags or wrapping material. High impedance IC 
inputs wired to a P.C. connector should have a path to 
ground on the card. 


HANDLING RULES 


Since the introduction of integrated circuits with MOS 
structures and high quality junctions, a safe and effective 
means of handling these devices has been of primary 
importance. One method employed to protect gate oxide 
structures is to incorporate input protection diodes directly 
on the monolithic chip. However, there is no completely 
foolproof system of chip input protection in existence in the 
industry. In addition, most compensation networks in linear 
circuits are located at high impedance nodes, where 
protection networks would disturb normal circuit operation. 
If static discharge occurs at sufficient magnitude (2kV or 
more), some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low 
humidity environment. Thus it becomes necessary for 
additional measures to be implemented to eliminate or 
reduce static charge. It is evident, therefore, that proper 
handling procedures or rules should be adopted. 


Elimination or reduction of static charge can be 
accomplished as follows: 


e Use static-free work stations. Static-dissipative mats on 
work benches and floor, connected to common point 
ground through a 1MQ. resistor, help eliminate static 
build-up and discharge. Do not use metallic surfaces. 


¢ Ground all handling equipment. 


® Ground all handling personnel with a conductive bracelet 
through 1MQ to ground (the 1MOQ. resistor will prevent 
electroshock injury to personnel). Transient product 
personnel should wear grounding heel straps when 
conductive flooring is present. 


@ Smocks and clothing of certain insulating materials 
(notably nylon) should not be worn in areas where 
devices are handled. These materials, highly dielectric in 
nature, will hold, or aid in the generation of a static 
charge. Where they cannot be eliminated, natural 
materials such as cotton should be used to minimize 
charge generation capacity. Conductive smocks are also 
available as an alternative. 


© Control relative humidity to as high a level as practical. 
50% is generally considered sufficient. (Operations 
should cease if R.H. falls below 25%). 


@ lonized air blowers reduce charge build-up in areas 
where grounding is not possible or practical. 


® Devices should be in conductive  static-shielded 
containers during all phases of transport. Leads may be 
shorted by tubular metallic carriers, conductive foam, or 
foil. 


e In automated handling equipment, the belts, chutes, or 
other surfaces should be of conducting non-metal 
material. If this is not possible, ionized air blowers or 
ionizing bars may be a good alternative. 
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ESD Handling Procedures 


Harris has developed a static control program that enables 
employees to detect problems generated by static 
electricity whether on site, in transit, or in the field. 
Controlling the requirements, methods, materials, and 
training for static protection of our products is ongoing and 
updated with new developments in electrostatic prevention. 
Harris has responded with controls and procedures as part 
of daily operations to be followed in all areas. 


The challenge is to insure all electrostatic control 
procedures are followed throughout the system — from 
manufacturing through end use. Unprotected integrated 
circuits can be destroyed or functionally altered by merely 
passing them through the electrostatic field of something as 
simple as Styrofoam” or human contact. 


Measures of Protection and Prevention 


When handling static sensitive devices, three standard 
procedures must be followed: 


1. Prior to any handling of static-sensitive components, the 
individual must be properly grounded. 


2. All static-sensitive Components must be handled at 
static safeguarded work stations. 


3. Containers and packing materials that are 
static-protective must be used when transporting all 
static-sensitive components. 


Special handling equipment (static-safeguarded work 
stations, conductive wrist straps, static-protected 
packaging, ionized air blowers) should be used to reduce 
damaging effects of electrostatic fields and charges. 


Static-safeguarded work station is an area that is free 
from all damaging electricity, including people. To 
accomplish this, static on conductors and nonconductors 
must be controlled. 


Controlling electrically conductive items can _ be 
accomplished by bonding and grounding techniques. The 
human body is considered a conductor of electricity and is 
by far the greatest generator of static electricity. Personnel 
handling ICs must use con- ductive wrist straps to ground 
themselves. Simple body moves act like a _ variable 
capacitor, and can create static charges. In addition, 
conductive clothing is recommended for minimizing 
electrostatic build up. 


Static protective packaging prevents electric field from 
influencing or damaging ICs. An effective static-protective 
package exhibits three types of features: 


1. Antistatic protection that prevents triboelectric or 
frictional charging, 


2. Dielectric protection that insulates discharging, and 


3. Shielding or Faraday cage protection that prevents 
transient field penetration. 


Harris uses only packaging that exhibits all three features. 
Employees are required to adhere to the same 
static-protective packaging techiques during handling and 
shipment to assure device integrity is maintained. 


lonized air blowers aid in neutralizing charges on 
nonconductors such as synthetic clothing, plastics, and 
Styrofoam” . The blowers are placed at the work site and in 
close proximity to the !C handling area, _ since 
nonconductors do not lose or drain charges using normal 
grounding techniques. 


By using wrist straps, static-protected work stations and 
static-protected containers, Harris product quality is 
maintained throughout the product cycle. 


PERSONNEL ESD PROTECTIVE 
GND STRAP TRAYS, ETC. 
(B) (C) ESD PROTECTIVE ox 
TABE TOP OTHER 
{A) ELEC. 
EQUIP. 
Ts 
CHAIR 
ee ESD PROTECTIVE 
(OPTIONAL) FLOOR MAT 
R (OPTIONAL) 


WORKBENCH 


QUALITY AND 
RELIABILITY 


BUILDING FLOOR 


R= 1MEG IV + 10% 12W 


FIGURE 2. STATIC-SAFEGUARDED WORK STATION 


NOTE 1. All electrical equipment on the conductive table top must be hard grounded and isolated from the table top. 


2. Earth ground is not computer ground or RF ground or any other limited ground. 


Styrofoam™ is a trademark of Dow Chemical Corporation 
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ELECTROSTATIC DISCHARGE CONTROL 
A GUIDE TO HANDLING INTEGRATED CIRCUITS 


This paper discusses methods and materials recommended 
for protection of ICs against ESD damage or degradation 
during manufacturing operations vulnerable to ESD expo- 
sure. Areas of concern include dice prep and handling, dice 
and package inspection, packing, shipping, receiving, 
testing, assembly and all operations where ICs are involved. 


All integrated circuits are sensitive to electrostatic dis- 
charge (ESD) to some degree. Since the introduction of 
integrated circuits with MOS structures and high quality 
junctions, safe and effective means of handling these de- 
vices have been of primary importance. 


If static discharge occurs at a sufficient magnitude, 2kV or 
greater, some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low humidi- 
ty environment; thus it becomes necessary for additional 
measures to be implemented to eliminate or reduce static 
charge. Avoiding any damage or degradation by ESD when 
handling devices during the manufacturing flow is therefore 
essential. 


ESD Protection and 
Prevention Measures 


One method employed to protect gate oxide structures is to 
incorporate input protection diodes directly on the monolith- 
ic chip. However, there is no completely foolproof system of 
chip input protection in existence in the industry. 


In areas where ICs are being handled, certain equipment 
should be utilized to reduce the damaging effects of ESD. 
Typically, equipment such as grounded work stations, 
conductive wrist straps, conductive floor mats, ionized air 
blowers and conductive packaging materials are included 
in the IC handling environment. Any time an individual in- 
tends to handle an IC, in any way, they must insure they 
have been grounded to eliminate circuit damage. 


Grounding personnel can, practically, be performed by two 
methods. First, grounded wrist straps which are usually 
made of a conductive material, such as Velostat or metal. A 
resistor value of 1 megohm (1/2 watt) in series with the 
strap to ground completes a discharge path for ESD when 
the operator wears the strap in contact with the skin. Anoth- 
er method is to insure direct physical contact with a 
grounded, conductive work surface. 


This consists of a conductive surface like Velostat, covering 
the work area. The surface is connected to a 1 megohm 
(1/2 watt) resistor in series with ground. 


Copyright © Harris Corporation 1989 


In addition to personnel grounding, areas where work is be- 
ing performed with ICs, should be equipped with an ionized 
air blower. lonized air blowers force positive and negative 
ions simultaneously over the work area so that any 
nonconductors that are near the work surface would have 
their static charge neutralized before it would cause device 
damage or degradation. 


Relative humidity in the work area should be maintained as 
high as practical. When the work environment is less than 
40% RH, a static build-up condition can exist on 
nonconductors allowing stored charges to remain near the 
ICs causing possible static electricity discharge to ICs. 


Integrated circuits that are being shipped or transported 
require special handling and packaging materials to elimi- 
nate ESD damage. Dice or packaged devices should be in 
conductive carriers during all phases of transport and han- 
dling. Leads of packaged devices can be shorted by 
tubular metalic carriers, conductive foam or foil. 


Do’‘s and Don'ts for 

Integrated Circuit Handling 

Do’s 

Do keep paper, nonconductive plastic, plastic foams and 
films or cardboard off the static controlled conductive 
bench top. Placing devices, loaded sticks or loaded burn-in 
boards on top of any of these materials effectively insulates 
them from ground and defeats the purpose of the static con- 
trolled conductive surface. 


Do keep hand creams and food away from static controlled 
conductive work surfaces. If spilled on the bench top, these 
materials will contaminate and increase the resistivity of the 
work area. 


Do be especially careful when using soldering guns around 
conductive work surfaces. Solder spills and heat from the 
gun may melt and damage the conductive mat. 


Do check the grounded wrist strap connections daily. Make 
certain they are snugly fitted before starting work with the 
product. 


Do put on grounded wrist strap before touching any de- 
vices. This drains off any static build-up from the operator. 


Do know the ESD caution symbols. 


Do remove devices or loaded sticks from shielding bags 
only when grounded via wrist strap at grounded work sta- 
tion. This also applies when loading or removing devices 
from the antistatic sticks or the loading on or removing from 
the burn-in boards. 
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Do wear grounded wrist straps in direct contact with the 
bare skin - never over clothing. 


Do use the same ESD control with empty burn-in boards as 
with loaded boards if boards contain permanently mounted 
ICs as part of driver circuits. 


Do insure electrical test equipment and solder irons at an 
ESD control station are grounded and only uninsulated met- 
al hand tools be used. Ordinary plastic solder suckers and 
other plastic assembly aids shall not be used. 


Do use ionizing air blowers in static controlled areas when 
the use of plastic (nonconductive) materials cannot be 
avoided. 


Don’ts 


Don't allow anyone not grounded to touch devices, loaded 
sticks or loaded burn-in boards. To be grounded they must 
be standing on a conductive floor mat with conductive heel 
straps attached to footwear or must wear a grounded wrist 
strap. 


Don’t touch the devices by the pins or leads unless 
grounded since most ESD damage is done at these points. 


Don’t handle devices or loaded sticks during transport from 
work station to work station unless protected by shielding 
bags. These items must never be directly handled by any- 
one not grounded. 


Don’t use freon or chlorinated cleaners at a grounded work 
area. 


Don’t wax grounded static controlled conductive floor and 
bench top mats. This would allow build-up of an insulating 
layer and thus defeating the purpose of a conductive work 
surface. 


Don’t touch devices or loaded sticks or loaded burn-in 
boards with clothing or textiles even though grounded wrist 
strap is worn. This does not apply if conductive coats are 
worn. 


Don’t allow personnel to be attached to hard ground. There 
must always be 1 megohm series resistance (1/2 watt 
between the person and the ground). 


Don’t touch edge connectors of loaded burn-in boards or 
empty burn-in boards containing permanently mounted 


WRIST STRAP GROUND 
LEAD IS ATTACHED TO 
CONDUCTIVE BENCH TOP 


ESD WARNING SYMBOLS 


Q) 


GROUND, i.e. COLD WATER 
PIPE OR EQUIVALENT 


driver circuits when not grounded. This also applies to 
burn-in programming cards containing ICs. 


Don’t unload stick on a metal bench top allowing rapid dis- 
charge of charged devices. 


Don’t touch leads. Handle devices by their package even 
though grounded. 


Don’t allow plastic “snow or peanut” polystyrene foam or 
other high dielectric materials to come in contact with de- 
vices or loaded sticks or loaded burn-in boards. 


Don’t allow rubber/plastic floor mats in front of static con- 
trolled work benches. 


Don’t solvent-clean devices when loaded in antistatic sticks 
since this will remove antistatic inner coating from sticks. 


Don’t use antistatic sticks for more than one throughput 
process. Used sticks should not be reused unless recoated. 
Recommended Maintenance 
Procedures 

Daily: 


Perform visual inspection of ground wires and terminals 
on floor mats, bench tops, and. grounding receptacles to 
ensure that proper electrical connections via 1 megohm 
resistor (1/2 watt) exist. 


Clean bench top mats with a soft cloth or paper towel 
dampened with a mild solution of detergent and water. 


Weekly: 


Damp mop conductive floor mats to remove any accumu- 
lated dirt layer which causes high resistivity. 


Annually: 
Replace nuclear elements for ionized air blowers. 


Review ESD protection procedures and equipment for up- 
dating and adequacy. 


Static Controlled Work Station 


The figure below shows an example of a work bench prop- 
erly equipped to control electro-static discharge. Note that 
the wrist strap is connected to a 1 megohm resistor. This 
resistor can be omitted in the setup if the wrist strap has a 
1 megohm assembled on the cable attached. 


CONDUCTIVE WRIST 
STRAP 


CONDUCTIVE FLOOR MAT 


= 1 MEGOHM 
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Harris Digital IC Technologies 


Self Aligned Junction Isolation (SAJI) 


The most prevalent CMOS Technology was patented 
by Harris (#4,135,955) and has been in production at 
Harris since 1980. It incorporates self-aligned guard 
ring techniques and more recently planarization prior 
to first metal into the traditional complementary tran- 
sistor structures. 


The process begins on 1-0-0 N- type silicon, 
although a process option is available with N epi over 
N+-+ starting material to eliminate circuit latch-up due 
to parasitic SCR action. A sequence of oxidation, 
photo resist delineation, Boron implant and diffusion 
create the P well for the N channel devices. A critical 
feature of the diffusion causes all of the silicon crystal 
defects to be annihilated, resulting in a defect free 
zone for the transistors to be fabricated. 


Next, silicon nitride is deposited and etched to define 
the active NMOS and PMOS areas followed by 
implants which create the self aligned guard rings 
around the active devices. These guard rings provide 
electrical isolation between transistors and also raise 
the field thresholds of the parasitic MOS devices to 
allow leakage-free circuit operation. The self aligning 
of these guard rings allows a substantial reduction in 
circuit area. 


Following is the local oxidation and the conventional 
formation of the poly gate MOS transistors. The elec- 
trical channel length of these all implanted devices is 
1.5 micron. 


The field oxide and metalization structure are based 
on a time proved reflowed glass process with one 
important inprovement. Prior to metal deposition the 
surface is planarized and the walls of the contacts 
are sloped which creates a final topography with 
excellent interconnect step coverage. The aluminum 
interconnect is silicon doped to prevent contact 


SOURCE METAL 


SILICON - 
GATE 


Spiking and improved reliability. The passivation, 
metallization and layout rules guarantee electro- 
migration free operation at + 125°C for over ten years. 


The principal advantages of the process can be sum- 
marized as: ® Low leakage operation 

e Latch-up free option 

@ Good packing density 

e Excellent step coverage 

e Electromigration free designs 


This process has been successfully applied to numer- 
ous designs including static RAMs, microprocessors, 
peripherals, and custom ROM circuits. 


L7 


A newer, higher performance process, named L/7, 
builds on and enhances the basic CMOS technology. 
This 1.5 micron process has several advantages over 
the older 2.5 micron version. The epi over N++ start- 
ing material is standard with the epi thickness being 
scaled down in concert with the P well and device 
junctions. This brings even more latch-up immunity to 
all circuits on this technology. 


Transistors achieve electrical channel lengths of 1.0yu 
typical with the N channel incorporating a double dif- 
fused LDD structure which eliminates susceptibility to 
hot electron damage. Of greatest impact is the use of 
a planarized double layer metal structure allowing 
greater layout freedom without introducing step cov- 
erage or electromigration concerns. The low stress 
oxinitride passivation provides moisture protection in 
plastic packages. 


The L7 process with its added features has been suc- 
cessfully employed on numerous semicustom and 
standard cell designs as well as supplying production 
quantities of the 80C286 microprocessor. 


DRAIN METAL 


GATE OXIDE 


FIGURE 3. SILICON-GATE PFET STRUCTURE 
CROSS-SECTION SHOWS THE HEAVILY DOPED SOURCE AND 
DRAIN REGION. THEY ARE SEPARATED BY THE NARROW GAP 
OVER WHICH LIES A THIN-GATE OXIDE AND GATE MATERIAL. 
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Packaging Techniques 


Harris Semiconductor offers Leadless Chip Carriers 
(LCC) as a packaging option on various Digital 
integrated circuits. An LCC is a square or rectangular 
package for an Integrated Circuit (IC) that is manu- 
factured in the same manner as a conventional 
side-braze dual-in-line package (DIP). The LCC is 
comprised of the cavity and seal ring section of a 
standard DIP and offers the user a means of achiev- 
ing high density system configurations while retaining 
the reliability benefits of hermetic IC Packaging. 
Figure 1 provides a comparison of the construction of 
an LCC and a conventional side-braze DIP. 


DIP CHIP CARRIER 
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FIGURE 1. 


EXPLODED VIEW OF CHIP CARRIER AND DIP 


The LCC’s two principle advantages over convention- 
al side-braze DIPs are packaging density and electri- 
cal performance. Packaging density is the number 
one advantage to an LCC over a side-braze DIP. The 
size of a DIP is governed primarily by the number of 
leads required and not by the size of the IC. As pin 
count increases, more and more of the DIP package 
is used only to provide an electrical trace path to the 
external leads. The size of an LCC is dependent on 
the size of the die not on the number of leads. As pin 
count increases, overall size increases but at a much 
slower rate. Table 1 provides a comparison between 
the areas of 18, 28 and 48 lead LCCs to 18, 28 and 
48 lead side-braze DIPs. 


TABLE 1. 


LEAD LCC DIP DIP AREA vs. 
COUNT AREA AREA LCC AREA 


18 0.10 0.22 220% 
28 0.20 0.84 420% 
48 0.31 1.68 542% 


(All Units in Square Inches) 


The chart indicates a 220% improvement in packag- 
ing area for the 18 lead LCC, and 542% improvement 
for the 48 lead LCC. Obviously, sizeable savings in 
circuit board area can be achieved with this packag- 
ing option. The second major advantage of the LCC is 
in electrical performance. The package size and 
geometry also dictates trace length and uniformity. 
Figure 2 provides a comparison between the trace 
lengths for various LCCs and side-braze DIPs. As pin 
count goes up, trace lengths get longer, adding re- 
sistance and capacitance unequally around the pack- 
age. As ICs get faster and more complex these factors 
start to become a limiting factor on performance. 
LCCs minimize this effect by maintaining, as close as 
possible, uniform trace length so that the package is a 
significantly smaller determinant of system perform- 
ance. 


FIGURE 2. ELECTRICAL PERFORMANCE 
(RESISTANCE AND SPEED) 


The LCC also offers environmental advantages over 
“chip-and-wire” manufacturing techniques used in 
high density hybrid circuits. An IC can be fully tested, 
burned-in and processed in an LCC, thereby guaran- 
teeing its performance. 


The IC is further protected by a small hermetic pack- 
age in which internal vapor content can be carefully 
controlled during production. 


Harris Semiconductor Leadless Chip Carriers in both 
Ceramic and Epoxy provide reliable, high density, 
high performance packaging options for today’s sys- 
tems. 


Consult the factory or your Harris sales representative 
for pricing and availability. 
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Ordering Information 


Harris Semiconductor products are represented by an 
extensive network of factory sales personnel, sales 
representatives, and authorized distributors throughout the 
world. Please contact your nearest sales office, 
representative, or distributor for product information, pricing, 
ordering, or delivery details. A complete list of sales offices 
is available by contacting the Harris Semiconductor literature 
department at (407) 724-3739. Headquarters are also listed 
at the end of this book. 


Product Code 


Harris products are designated by a “Product Code”. This 
code includes designators for the product family, device type, 
performance grade, temperature grade and package style. 
Examples of the product codes are shown below: 


80CXXX MICROPROCESSOR/PERIPHERAL PRODUCT CODE 


M D 80C86 -2 /B 
TEMPERATURE RANGE PART NUMBER ENHANCED SCREENING 
C: 0°C to +70°C 80CXXX: CMOS Microprocessor /B: -55°C to +125°C with Burn-in 
I: -40°C to +85°C 82CXXX: CMOS Peripheral /883: Fully Compliant to MIL-STD-883C 
M: -55°C to +125°C 
X: +25°C 
PACKAGE SPEED DESIGNATION 
D: Ceramic DIP PERIPHERALS MICROPROCESSORS 
G: Pin Grid Array (PGA) 5: 5MHz Blank: 5MHz 
P: Plastic DIP Blank: 8MHz 2: 8BMHz 
R: Leadless Chip Carrier (LCC) 10: 10MHz 10: 10MHz 
S: Plastic Leaded Chip Carrier (PLCC) 12: 12.5MHz 12: 12.5MHz 
X: Unpackaged Device 16: 16MHz 
20: 20MHz 
25: 25MHz 
MEMORY/PERIPHERAL PRODUCT CODE 
H M 1 - 65162 B - 9 
PERFORMANCE 
PREFIX PACKAGE GRADE 
H (Harris) 1: Ceramic DIP B: High Performance 
3: Plastic DIP C: Relaxed Specification 
4: Leadless Chip Carrier S: Very High Speed 
(LCC) 
5: Ceramic Substrate 
6: Slimline 
9P: Small Outline (SOIC) 2 
0: Chip Form x 4 
96 
= 
FAMILY PART NUMBER TEMPERATURE a 2 
D: Digital 155XX: CMOS Manchester Encoder/ 5: 0°C to +70°C wg 
M: Memory Decoder (MED) 6: 100% 25°C Probe (Dice Only) o 2. 
S: ARINC 3X82: ARINC 8: -55°C to +125°C with Burn-in oO 
47/64XX: CMOS UART/MED 9: -40°C to +85°C 
65XXX: CMOS RAM /883: Fully Compliant to MIL-STD-883C 
66XX: CMOS PROM 
88XX: CMOS RAM Module 


Ordering Information 


CDP1800-SERIES PRODUCT CODE 


CDP1802AC E X 
PART NUMBER PACKAGE ENHANCED SCREENING 
CDP18XX: Microprocessor/Peripheral/RAM D: Side-Brazed Ceramic DIP X: -40°C to +85°C with Burn-in 
MWS51XX: RAM E: Plastic DIP /3: -55°C to +125°C with Burn-in 
Q: Plastic Leaded Chip Carrier 
(PLCC) 


ICM 


fT 


FAMILY 


ICL: Linear IC 
ICM: Peripheral 
IM: EPROM 


ICL/JICM/IMXXXX PRODUCT CODE 


7170 i P G 
TEMPERATURE RANGE NUMBER OF PINS 

C: 0°C to +70°C E: 16 

I: -40°C to +85°C G: 24 


M: -55°C to +125°C 


PART NUMBER PACKAGE 


B: Smail Outline (SOIC) 

D: Side-Brazed Ceramic DIP 
J: Ceramic DIP 

P: Plastic DIP 


Package Availability 


CERAMIC LEADLESS PLASTIC LEADED 
PART NUMBER CERAMIC DIP PLASTIC DIP CHIP CARRIER CHIP CARRIER 
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PERIPHERALS 
CDP1851, CDP1851C 
CDP1852, CDP1852C 
CDP1853, CDP1853C 
CDP1855, CDP1855C 
CDP1857, CDP1857C 
CDP1871A, CDP1871AC 
CDP1872C 

CDP1874C 

CDP1875C 

CDP1877, CDP1877C 
CDP1878, CDP1878C 
CDP1879, CDP1879C 
CDP1881, CDP1881C 
CDP1882, CDP1882C 
CDP1883, CDP1883C 
ICM7170 

820237 

820284 

82C37A 


40 LEAD* 
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28 LEAD* 
16 LEAD* 
40 LEAD* 
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40 LEAD 
24 LEAD 
16 LEAD 
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82C55A 
82C59A 
82C82 
82C83H 
82C84A 
82C85 
82C86H 
82C87H 
82C88 
82C89 
DATA COMMUNICATIONS 
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Package Availability 


CERAMIC LEADLESS PLASTIC LEADED | 
PART NUMBER CERAMIC DIP PLASTIC DIP CHIP CARRIER CHIP CARRIER 


DATA COMMUNICATIONS (Continued) 
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* Dual-in-Line Metal-Seal Ceramic Package (Side-Braze). 
** Available in Plastic DIP and SOIC. 
*** Available in Slim and Wide DIP. 
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Package Outlines 


Dual-In-Line Glass-Sealed Ceramic Package, 0.300 


[tesocounr [a | ‘er | or or| ole jerie |e |u| oj s || Oo 
LEAD COUNT _. L1 
16 MSI 0.016 | 0.050 | 0.008 | 0.753 | 0.265 | 0.200 | 0.100 | 0.125 | 0.150 | 0.015 | - 
RM | as | ozs | es | core |o7es [nzes| oz | 8° [oie0| ~~ [ooe| 2005 [| To 
‘ets | _- | 0.016 | 0.050 | 0.008 | 0.753 | 0.285 | 0.300 | 0.100 | 0.125 | 0.150 | 0.015 |= 
| as | | oes | ore |o7s [oa [oe | ®8° [oo | oe | 0605 [|e 
5 _- | 0.016 | 0.050 | 0.008 | 0.882 | 0.285 | 0.300 | 0.100 | 0.125 0.015 | = o° 
|_| estes | toss | rs | oss [oans | aso | 88° [o.oo || oer | oa [|e 
0.016 | 0.050 | 0.008 | 0.940 | 0.285 | 0.300 | 0.100 | 0.125 [0.150 [0.015 | - | 0.005 
| cama) as | ws [ons | caso | sane | seo] ®80 [ote | [coe | amo] | Te 
24m | __- | 0.016 | 0.050 | 0.008 | 1.240 | 0.285 | 0.300 | 0.100 | 0.126 | 0.150] 0.015] _- [0.005] _o° 


* End leads are half leads where B remains the same and B1 ts 0.035 - 0.045. 
** Dimensions B and C maximum limits are increased by 0.003 for solder dip finish. 


Dual-In-Line Glass-Sealed Ceramic Package, 0.400 


* Dimensions B and C maximum limits are increased by 0.003 for solder dip finish. 


Dual-In-Line Glass-Sealed Ceramic Package, 0.600 


| uenocounr |"a' | ‘er | or |e |'o'| ce | ‘er | oe" | en | tr | Ca | oe" | ae | Oe 
LEAD COUNT C* L L1 
24 _- | 0.016 | 0.050 | 0.008 | 1.24 | 0.515 | 0.595 | 0.100 | 0.125 | 0.150 [0.015 [= 
|_| as | ots [ones | cove | tar [os [oa | 6° | aeo| [one [ame (io 
28 _-__| 0.016 | 0.050 | 0.008 | 1.44 | 0.515 | 0.595 | 0.100 | 0.125 | 0.150 [0.015] - | 0.005 | _ 0° 


* 


Dimensions B and C maximum limits are increased by 0.003 for solder dip finish. 
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ORDERING AND 
PACKAGING 


Dual-in-Line Metal-Seal Ceramic Packages 


18 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-AD) 


0.100 BSC 2.54 BSC 
0.300 BSC 


NOTES: 


1. Controlling dimension: Inch. In case of conflict between English and 
metric dimensions, the inch dimensions control. 


2. Dimensioning and Tolerancing per ANS! Y14.5M-1982. 


3. Symbols are defined in the “MS Series Symbol List” in Section 2.2 of 
publication No. 95. 


4. Dimensions A, A; and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. Dimension A includes the lid 
thickness, and may increase to 0.260 inches maximum when an 
EPROM lid is used. 

5. D and E, dimensions do not include particles (burrs and/or projec- 
tions) of package material. Such particles shall not exceed 0.010 
inches (0.25mm) per side. Includes allowances for glass overrun and 
meniscus, and lid-to-base mismatch. 


16 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015AC) 
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22 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-BB 
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6. Eand eg are measured with the leads constrained to be perpendic- 
ular to plane C. 


7. @g and ec are measured at the lead tips with the leads unconstrained. 
8. N is the maximum number of terminal leads. 
9. Maximum lead thickness includes all lead finishes. Minimum base 
material shall be 0.009 inches thick. 
10. Any raised irregularity on the top surface (step, mass, etc.) shall be 
symmetrical about the lateral and longitudinal package centerlines. 
11. Maximum fillet, including solder coat, if any. 
12. Measured from the top of the ceramic body to the nearest 
metallization or lead. 
13. Measured from the end of the ceramic body to the nearest 
metallization or lead. 
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Dual-In-Line Metal-Seal Ceramic 
Packages (Continued) 


28 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-CB) 


15.88 


15.49 


0.580 | 0.610 | 1473 


NOTES: 


. Controlling dimension: Inch. In case of conflict between English and 
metric dimensions, the inch dimensions control. 


. Dimensioning and Tolerancing per ANSI Y14.5M-1982. 


. Symbols are defined in the “MS Series Symbol List” in Section 2.2 of 
publication No. 95. 


. Dimensions A, A; and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. Dimension A includes the lid 
thickness, and may increase to 0.260 inches maximum when an 
EPROM lid is used. 


. D and E, dimensions do not include particles (burrs and/or projec- 
tions) of package material. Such particles shall not exceed 0.010 
inches (0.25mm) per side. Includes allowances for glass overrun and 
meniscus, and lid-to-base mismatch. 


24 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015CA) 


| INCHES ~— fs MILLIMETERS 
Sa nw] ores 
0085 | 0200 | 216 | 508 | 4 
0.025 | 0.070 | 064 | 178 | 4 
001s | 002 | 038 | os | 9 | 
004s | 006s | 114 | 165 [ - 
_0.009 | 0.015 | 023 | 038 | 9 
T1180 | 1220 [2997 |[s099 | 5 | 
| 0.600 | 0.625 | 15.24 | 15.88 [6 
[0580 | 0610 [147s | i549 | 5 | 
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[oe008sc | tsasesc_ | 6 | 
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40 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
(JEDEC MS-015-CE) 


MILLIMETERS 
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0200] 
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0.015 
50.29 
5.24 | 15.88 


4.73 5.49 
2.54 BSC 
15.24 BSC 

3.18 
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iE 


0.100 BSC 
0.600 BSC 


. Eand e, are measured with the leads constrained to be perpendic- 


ular to plane C. 


. @g and ec are measured at the lead tips with the leads unconstrained. 
. Nis the maximum number of terminal leads. 
. Maximum lead thickness includes all lead finishes. Minimum base 


material shall be 0.009 inches thick. 


. Any raised irregularity on the top surface (step, mass, etc.) shall be 


symmetrical about the lateral and longitudinal package centerlines. 


. Maximum fillet, including solder coat, if any. 
. Measured from the top of the ceramic body to the nearest 


metallization or lead. 


. Measured from the end of the ceramic body to the nearest 


metallization or lead. 
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Dual-In-Line Plastic Packages 
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FIGURE 1 


18 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-001-AD) 
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NOTES: 

1. Controlling Dimensions: Inch. In case of conflict between English and 
Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 

4. Dimensions A, A; and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D and E, dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed 0.010 inch (0.25mm). 


16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


(JEDEC MS-001-AA) 
INCHES MILLIMETERS 
SYMBOL aN 


0.115 
0.014 
0.045 
0.008 
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20 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-001-AE) 
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6. Eand ea are measured with the leads constrained to be perpen- 
dicular to plane C. 


7. @g and ec are measured at the lead tips with the leads uncon 
strained. ec must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 
in Figure 2. 
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Dual-In-Line Plastic Packages (Continued) 


22 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-010-AA) 


Of 
a fo[aor7 Ole [ale] 


FIGURE 1 


24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-011-AA) 


MILLIMETERS 
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L_MAX 
| 635 
Loo 
| 495 
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ee 


J7 
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15.24 


2.54 BSC 
15.24 BSC 


a 
NOTES: 


1. Controlling Dimensions: Inch 
In case of conflict between English and Metric dimensions, the inch 
dimensions control. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 
. Dimensions A, A; and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 
D and E1 dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed 0.010 inch (0.25mm). 
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MILLIMETERS 


28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
(JEDEC MS-011-AB) 


MILLIMETERS 


2.54 BSC 
15.24 BSC 


0.100 BSC 
0.600 BSC 


m 
” 


6. Eand e, are measured with the leads constrained to be perpen- 


dicular to plane C. 

7. @g and ec are measured at the lead tips with the leads uncon- 
Strained. ec must be zero or greater. 

8. Nis the maximum number of terminal positions. 


9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 
in Figure 2. 
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Dual-In-Line Plastic Packages (Continued) 
40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


(JEDEC MS-011-AC) 
MILLIMETERS 


INCHES 
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a [S[orec2 Ole] [8S] 
FIGURE 1 0.485 0.580 | 12.32 14.73 
aa 0.100 BSC 2.54 BSC 
0.600BSC |  15.24BSC 
NOTES: 
1. Controlling Dimensions: Inch 6. E and e, are measured with the leads constrained to be perpen- 
In case of conflict between English and Metric dimensions, the inch dicular to plane C. 
dimensions control. 7. @g and ec are measured at the lead tips with the leads uncon- 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. strained. eg must be zero or greater. 
3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 8. N is the maximum number of terminal positions. 
Publication No. 95. 9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 
4. Dimensions A, A; and L are measured with the package seated in in Figure 2. 


JEDEC seating plane gauge GS-3. 


5. D and E1 dimensions do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed 0.010 inch (0.25mm). 
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Small Outline (SO) Plastic Packages 
16 LEAD DUAL-IN-LINE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-013-AA) 
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20 LEAD DUAL-IN-LINE SMALL OUTLINE PLASTIC PACKAGE 24 LEAD DUAL-IN-LINE SMALL OUTLINE PLASTIC PACKAGE 
(JEDEC MS-013-AC) (JEDEC MS-013-AD) 


rs00_| 


ce 


NOTES: 
1. Refer to applicable symbol list. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protusions or gate burrs. 
Mold flash, protusion and gate burrs shall not exceed 0 15mm (0.006 . The lead width “B”, as measured 0.36mm (0.014 in.) or greater 


in.) per side. above the seating plane, shall not exceed a maximum value of 
4. Dimension “E” does not include interlead flash or protusions. 0.61mm (0.024 in ) 


Interlead flash and protrusions shall not exceed 0.25mm (0010 in) — 109, Controlling dimension: MILLIMETER. Converted inch 
per side. dimensions are not necessarily exact. 


. “L’ is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 
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5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 
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Leadless Chip Carriers 


[TeaDcounr | DmA | oMAi_| DM6i | OMD | OME | DMe | DML | DMI? 


68 Pin Grid Array (PGA) 
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Plastic Leaded Chip Carrier Packages 
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28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AB) 


| MAX _| 
0.485 | 0.495 | 12.32 
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68 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AE) 
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20 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AA) 
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44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(JEDEC MO-047AC) 


Twin [wax [win [ax 


on 
aa 
| 0.090 | 0120 | 229 | 304 | - | 
| 0685 | 0.695 | i740 | 1765 | 
| 0.650_| 0.656 | 16510 | 16.662 | 2 | 
| 0590 | 0.630 [i499 | 1600 [1 | 
| osooREF | t27opsc_ | 

0.695 _ | 17. ee 
| 0650 | 0.656 | 16510 | 16662 | 2 | 
| 0.590 | 0.630 | 1499 | 16.00 | 1 | 
| osooREF | 1270Bsc_ | 
ee eee ee 


NOTES: 
1. To be determined at seating plane. 


2. Dimensions D1 and E1 do not include mold protrusions. 
Allowable mold protrusion is 0.254mnv0.010 in. 


3. “N” is the number of terminal positions. 
4. Controlling dimensions: Inch. 
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Module Substrate 


28 LEAD 


28 LEAD 
HM-8808/08A, HM-8832 


HM-8816H 
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40 LEAD 


48 LEAD 
HM-6564 


HM-92560 
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48 LEAD 
HM-92570, HM-91M2 


9-16 


SALES OFFICES 


A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is available. Please order the 
Harris Sales Listing, BR-007 from the Literature Center or Harris AnswerFAX (see page i). 


HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 


U.S. HEADQUARTERS 
Harris Semiconductor 
2401 Palm Bay Road N. E. 
Palm Bay, Florida 32905 
TEL: (407) 724-7000 


SOUTH ASIA 

Harris Semiconductor H.K. Ltd 
13/F Fourseas Building 

208-212 Nathan Road 
Tsimshatsui, Kowloon Hong Kong 
TEL: (852) 723-6339 


HARRIS TECHNICAL ASSISTANCE AVAILABILITY: 
UNITED STATES 


CALIFORNIA Costa Mesa 
San Jose .... 
FLORIDA Palm Bay.... 
GEORGIA Duluth....... 
ILLINOIS Schaumburg 
INDIANA Carmel...... 
MASSACHUSETTS Burlington. ... 
NEW JERSEY Voorhees .... 
NEW YORK Hauppauge 
Wappingers Falls 
TEXAS Dallas....... 
INTERNATIONAL 
FRANCE Paris........ 
GERMANY Munich...... 
HONG KONG Kowloon..... 
ITALY Milano ...... 
JAPAN Tokyo....... 
KOREA Seoul....... 
SINGAPORE Singapore. ... 
TAIWAN Taipei....... 
UNITED KINGDOM Camberley ... 


EUROPEAN HEADQUARTERS 
Harris Semiconductor 

Mercure Center 

100, Rue de la Fusee 

1130 Brussels, Belgium 

TEL: 32 2 724 21 11 


NORTH ASIA 

Harris K.K. 

Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 

Chiyoda-ku, Tokyo 102 Japan 
TEL: (81) 3-3265-7571 

TEL: (81) 3-3265-7572 (Sales) 


picautass Saad Site eka has eases 714-433-0600 
ee ee ee 408-985-7322 


Ee ee ae eee 407-729-4984 
Seine Same e Mee ue ee 404-476-2035 
Se ere ere 708-240-3480 
Sd amare eRe ea eee 317-843-5180 
ot Gotaumotnene tease wad 617-221-1850 
RE ee ee ee 609-751-3425 
eG oe ming eae eae OS 516-342-0291 


sigh Sn aie a weet alee cede 914-298-1920 


er ee ee eee 214-733-0800 


ORR eee a ere ee 33-1-346-54046 
See ne oar rere 49-89-638 13-0 
eer ee ae eT a ee 852-723-6339 
eee ee re eee arene 39-2-262-0761 
Saint he ated Baek ace et che 81-3-3265-7571 
gal oSache ohare ens itetota 82-2-551-0931 
Mime heat eee eee 65-291-0203 
esa raeee es wt at A aoe aie geek 886-2-7 16-9310 
ey ee ree ee : .44-2-766-86886 
For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS), 


SALES OFFICES 


or for immediate fax service using Harris AnswerFAX dial 407-724-7800 
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North American Sales Offices and Representatives 


ALABAMA 
Harris Semiconductor 
600 Boulevard South 
Suite 103 
Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 


Compass Mktg. & Sales, Inc. 


11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 

TEL: (602) 996-0635 

FAX: 602 996 0586 


P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 577-0580 
FAX: 602 577 0581 


CALIFORNIA 

Harris Semiconductor 
1503 So. Coast Drive 
Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
3031 Tisch Way 

1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


CK Associates 

8333 Clairemont Mesa Blvd. 
Suite 102 

San Diego, CA 92111 

TEL: (619) 279-0420 

FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


Ewing Foley, Inc. 
895 Sherwood Lane 
Los Altos, CA 94022 
TEL: (415) 941-4525 
FAX: 415 941 5109 


Vision Technical Sales, Inc. 
26010 Mureau Road 

Suite 140 

Calabasas, CA 91302 

TEL: (818) 878-7955 

FAX: 818 878 7965 


* 


* 


* 


CANADA 
Blakewood Electronic 
Systems, Inc. 
#201 - 7382 Winston Street 
Burnaby, BC 
Canada V5A 2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 


Clark Hurman Associates 
Unit 14 

20 Regan Road 

Brampton, Ontario 

Canada L7A IC3 

TEL: (905) 840-6066 

FAX: 905 840-6091 


308 Palladium Drive 
Suite 200 

Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 
Compass Mktg. & Sales, Inc. 
5600 So. Quebec St. 
Suite 350D 
Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 


CONNECTICUT 
Advanced Tech. Sales, Inc. 


Westview Office Park 

Bidg. 2, Suite 1C 

850 N. Main Street Extension 
Wallingford, CT 06492 

TEL: (508) 664-0888 

FAX: 203 284 8232 


FLORIDA 
Harris Semiconductor 
* 2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 

FAX: 407 723 3845 


Sun Marketing Group 

4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 

TEL: (813) 536-5771 

FAX: 813 536 6933 


Sun Marketing Group 

600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (305) 429-1077 

FAX: 305 429 0019 


GEORGIA 
Giesting & Associates 


* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


ILLINOIS 
Harris Semiconductor 
* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 


* Field Application Assistance Available 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (708) 640-1850 

FAX: 708 640 9432 


INDIANA 
Harris Semiconductor 
* 11590 N. Meridian St. 
Suite 100 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 


IOWA 
Oasis Sales 
4905 Lakeside Dr., NE 
Suite 203 
Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 
Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
Giesting & Associates 
204 Pintail Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


MARYLAND 
New Era Sales, Inc. 
890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEI: (410) 761-4100 
FAX: 410 761-2981 


MASSACHUSETTS 
Harris Semiconductor 
* Six New England Executive Pk. 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 

FAX: 508 664 5503 


MICHIGAN 
Harris Semiconductor 


* 27777 Franklin Rd., Suite 460 
Southfield, MI 48034 
TEL: (810) 746-0800 
FAX: 810 746 0516 


Giesting & Associates 

34441 Eight Mile Rd., Suite 113 
Livonia, Mi 48152 

TEL: (810) 478-8106 

FAX: 810 477 6908 
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Giesting & Associates 
1279 Skyhills N.E. 
Comstock Park, MI 49321 
TEL: (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 


Oasis Sales 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 


Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 

TEL: (314) 291-5003 

FAX: 314 291 7958 


NEBRASKA 


Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: 913 782 8641 


NEW JERSEY 


¥ 


Harris Semiconductor 
Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 

TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NU 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 


NEW YORK 


* 


Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0219 

FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


North American Sales Offices and Representatives (Continued) 


Foster & Wager, Inc. 
2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 

FAX: 716 586 1359 


Foster & Wager, Inc. 
7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Trionic Associates, Inc. 
320 Northern Blvd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 


NORTH CAROLINA 
Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 405-3600 
FAX: 919 405 3660 


New Era Sales 

1110 Navajo Dr., Suite 203 
Raleigh, NC 27609 

TEL: (919) 878-0400 

FAX: 919 878 8514 


OHIO 
Giesting & Associates 
P.O. Box 39398 
2854 Biue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 752-5900 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


OKLAHOMA 
Nova Marketing 
8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 317 1091 


OREGON 
Northwest Marketing Assoc. 


6975 SW Sandburg Rd. 
Suite 330 

Portland, OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 


PENNSYLVANIA 
Giesting & Associates 
471 Wainut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


TEXAS 

Harris Semiconductor 

17000 Dallas Parkway, Suite 205 
Dallas, TX 75248 

TEL: (214) 733-0800 

FAX: 214 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


+ 


North American Authorized Distributors and Corporate Offices 
Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 
7550 E. Redfield Rd. 
Scottsdale, AZ 85260 
TEL: (602) 483-9400 
FAX: (602) 443 3898 


Arrow/Schweber 
Electronics Group 
25 Hub Dr. 

Melville, NY 11747 
TEL: (516) 391-1300 
FAX: 516 391 1644 


Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


Farnell Electronic Services 
(Formerly ITT Multicomponents) 
300 North Rivermede Rd. 
Concord, Ontario 

Canada L4K 3N6 

TEL: (416) 798-4884 

FAX: 416 798 4889 


Gerber Electronics 

128 Carnegie Row 
Norwood, MA 02062 

TEL: (617) 769-6000, x156 
FAX: 617 762 8931 


North American Authorized Distributors 


ALABAMA 
Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 


Wyle Laboratories 
Huntsville 
TEL: 205) 830-1119 


Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


ARIZONA 
Alliance Electronics, Inc. 
Gilbert 
TEL: (602) 813-0233 


Scottsdale 
TEL: (602) 483-9400 


Arrow/Schweber 
Tempe 

TEL: (602) 431-0030 
Hamilton Hallmark 
Phoenix 

TEL: (602) 437-1200 
Wyle Laboratories 


Phoenix 
TEL: (602) 437-2088 


* Field Application Assistance Available 


Hamilton Hallmark 

10950 W. Washington Bivd. 
Culver City, CA 90230 
TEL: (310) 558-2000 

FAX: 310 558 2809 (Mil) 
FAX: 214 343 5988(Com) 


Newark Electronics 
4801 N. Ravenswood 
Chicago, iL 60640 
TEL: (312) 784-5100 
FAX: 312 275-9596 


Wyle Laboratories 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 


Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


CALIFORNIA 
Alliance Electronics, Inc. 


Santa Clarita 
TEL: (805) 297-6204 


Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 


Fremont 
TEL: (408) 432-7171 


Irvine 
TEL: (714) 587-0404 
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8350 Meadow Rad., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium Il, Suite 140 
10701 Corporate Dr. 
Stafford, TX 77477 

TEL: (713) 240-6082 

FAX: 713 240 6094 


UTAH 


Compass Mktg. & Sales, Inc. 
5 Triad Center, Suite 320 

Salt Lake City, UT 84180 
TEL: (801) 322-0391 

FAX: 801 322-0392 


WASHINGTON 


Northwest Marketing Assoc. 
12835 Bel-Red Road 

Suite 330N 

Bellevue, WA 98005 

TEL: (206) 455-5846 

FAX: 206 451 1130 


WISCONSIN 


Oasis Sales 

1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Zeus Electronics, 

An Arrow Company 
100 Midland Avenue 
Pt. Chester, NY 10573 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 
FAX: 914 937-2553 


Obsolete Products: 


Rochester Electronic 
10 Maicom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


San Diego 

TEL: (619) 565-4800 
San Jose 

TEL: (408) 441-9700 
Hamilton Hallmark 
Costa Mesa 

TEL: (714) 641-4100 
Los Angeles 

TEL: (818) 594-0404 
Sacramento 

TEL: (916) 624-9781 
San Diego 

TEL: (619) 571-7540 
San Jose 

TEL: (408) 435-3500 
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Wyle Laboratories 
Calabasas 
TEL: (818) 880-9000 


Irvine 
TEL: (714) 863-9953 


Rancho Cordova 
TEL: (916) 638-5282 
San Diego 

TEL: (619) 565-9171 
Santa Clara 

TEL: (408) 727-2500 


Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 
Irvine 

TEL: (714) 921-9000 

TEL: (800) 52-HI-REL 


CANADA 


Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (905) 670-7769 


Farnell Electronic Services 
Burnaby, British Columbia 
TEL: (604) 291-8866 


Calgary, Alberta 
TEL: (403) 273-2780 


Concord, Ontario 
TEL: (416) 798-4884 
V. St. Laurent, Quebec 
TEL: (514) 335-7697 
Nepean, Ontario 
TEL: (613) 596-6980 
Winnipeg, Manitoba 
TEL: (204) 786-2589 
Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 
Montreal 

TEL: (514) 335-1000 
Ottawa 

TEL: (613) 226-1700 
Vancouver, B.C. 
TEL: (604) 420-4101 
Toronto 

TEL: (905) 564-6060 


COLORADO 


Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 


Hamilton Hallmark 
Denver 

TEL: (303) 790-1662 
Colorado Springs 
TEL: (719) 637-0055 
Wyle Laboratories 


Thornton 
TEL: (303) 457-9953 


* Field Application Assistance Available 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 


Alliance Electronics, Inc. 
Shelton 
TEL: (203) 926-0087 


Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 


Hamilton Hallmark 
Danbury 
TEL: (203) 271-2844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 


Arrow/Schweber 
Deerfield Beach 
TEL: (305) 429-8200 


Lake Mary 

TEL: (407) 333-9300 
Hamilton Hallmark 
Miami 

TEL: (305) 484-5482 
Orlando 

TEL: (407) 657-3300 
Largo 

TEL: (816) 541-7440 
Wyle Laboratories 
Fort Lauderdale 
TEL: (305) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 


Arrow/Schweber 
Duluth 
TEL: (404) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (404) 623-5475 


Wyle Laboratories 

Duluth 

TEL: (404) 441-9045 

Zeus, An Arrow Company 
TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


ILLINOIS 


Alliance Electronics, Inc. 
Vernon Hills 
TEL: (708) 949-9890 


Arrow/Schweber 
Itasca 
TEL: (708) 250-0500 


Hamilton Hallmark 
Chicago 

TEL: (708) 860-7780 
Newark Electronics, Inc. 
Chicago 

TEL: (312) 907-5436 


North American Authorized Distributors (Continued) 


Wyle Laboratories 
Addison 
TEL: (708) 620-0969 


Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


INDIANA 


Arrow/Schweber 
Indianapolis 
TEL: (317) 299-2071 


Hamilton Halimark 
Indianapolis 

TEL: (317) 872-8875 

Zeus, An Arrow Company 
TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


IOWA 


Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 


Hamilton Halimark 

Cedar Rapids 

TEL: (319) 362-4757 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


KANSAS 


Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Hamilton Hallmark 
Kansas City 

TEL: (913) 888-4747 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MARYLAND 


Arrow/Schweber 
Columbia 
TEL: (301) 596-7800 


Hamilton Halimark 
Baltimore 
TEL: (410) 988-9800 


Wyle Laboratories 
Columbia 
TEL: (410) 312-4844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 


Alliance Electronics, Inc. 
Winchester 
TEL: (617) 756-1910 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Gerber 

Norwood 

TEL: (617) 769-6000 


Hamilton Halimark 
Peabody 

TEL: (508) 532-9893 
Wyle Laboratories 


Burlington 
(617) 272-7300 
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Zeus, An Arrow Company 
Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


MICHIGAN 


Arrow/Schweber 

Livonia 

TEL: (313) 462-2290 
Hamilton Hallmark 

Detroit 

TEL: (313) 347-4271 

Zeus, An Arrow Company 
TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


MINNESOTA 


Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 


Hamilton Hallmark 
Minneapolis 

TEL: (612) 881-2600 

Wyle Laboratories 
Minneapolis 

TEL: (612) 853-2280 
Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MISSOURI 


Arrow/Schweber 

St. Louis 

TEL: (314) 567-6888 
Hamilton Hallmark 

St. Louis 

TEL: (314) 291-5350 
Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


NEW JERSEY 


Arrow/Schweber 
Marlton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Hamilton Halimark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 
TEL: (201) 515-1641 


Wyle Laboratories 

Mt. Laurel 

TEL: (609) 439-9110 

Pine Brook 

TEL: (201) 882-8358 
Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NEW MEXICO 


Hamilton Hallmark 
Albuquerque 
TEL: (505) 828-1058 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


North American Authorized Distributors (Continued) 


NEW YORK 
Alliance Electronics, Inc. 
Binghamton 
TEL: (607) 648-8833 
Huntington 
TEL: (516) 673-1930 


Arrow/Schweber 
Farmingdale 

TEL: (516) 293-6363 
Hauppauge 

TEL: (516) 231-1000 
Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 


EMC 
Columbus 
TEL: (614) 299-4161 


Hamilton Hallmark 
Cleveland 
TEL: (216) 498-1100 


Columbus 

TEL: (614) 888-3313 
Dayton 

TEL: (513) 439-6735 
Toledo 

TEL: (419) 242-6610 


Zeus, An Arrow Company 
TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 


TEL: (716) 427-0300 PE ree habe 

Hamilton Hallmark Tulsa 

te Island TEL: (918) 252-7537 
ADIG) 435-7400 Hamilton Hallmark 

Rochester Tulsa 

TEL: (716) 475-9130 TEL: (918) 254-6110 

Ronkonkoma 


TEL: (516) 737-0600 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NORTH CAROLINA 
Arrow/Schweber 


Raleigh 
TEL: (919) 876-3132 


EMC 
Charlotte 
TEL: (704) 394-6195 


Hamilton Hallmark 
Raleigh 
TEL: (919) 872-0712 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 
Alliance Electronics, Inc. 
Dayton 
TEL: (513) 433-7700 
Arrow/Schweber 
Solon 
TEL: (216) 248-3990 
Centerville 
TEL: (513) 435-5563 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 
Almac/Arrow 


Beaverton 
TEL: (503) 629-8090 


Hamilton Halimark 
Portland 
TEL: (503) 526-6200 


Wyle Laboratories 
Beaverton 
TEL: (503) 643-7900 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 
Arrow/Schweber 


Pittsburgh 
TEL: (412) 963-6807 


Hamilton Hallmark 
Pittsburgh 

TEL: (412) 281-4150 
Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


TEXAS 


Alliance Electronics, Inc. 
Carrollton 
TEL: (214) 492-6700 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 
TEL: (713) 647-6868 


Hamilton Hallmark 
Austin 
TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 
TEL: (713) 781-6100 


Wyle Laboratories 
Austin 
TEL: (512) 345-8853 


Houston 
TEL: (713) 879-9953 


Richardson 
TEL: (214) 235-9953 


Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 
Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 


Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 


Wyle Laboratories 
West Valley City 
TEL: (801) 974-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WASHINGTON 
Almac/Arrow 
Bellevue 
TEL: (206) 643-9992 
Hamilton Halimark 
Seattle 
TEL: (206) 881-6697 


Wyle Laboratories 
Redmond 

TEL: (206) 881-1150 

Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 
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WISCONSIN 
Arrow/Schweber 


Brookfield 
TEL: (414) 792-0150 


Hamliton Hallmark 
Milwaukee 
TEL: (414) 780-7200 


Wyle Laboratories 
Waukesha 
TEL: (414) 521-9333 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


Harris Semiconductor 
Chip Distributors 
Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 


Eimo Semiconductor Corp. 
7590 North Glenoaks Bivd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, Inc. 
1805 Rutherford Lane 

Austin, TX 78754 

TEL: (512) 834-2022 

FAX: (512) 837-6285 


Puerto Rican 


Authorized Distributor 
Hamilton Hallmark 
TEL: (809) 731-1110 


South American 


Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 
Graftec Electronics 
Av. Moema 538 
04077-022 Sao Paulo - SP 
Brasil 
TEL: 0114 55 11 572 2727 
FAX: 011 55 11 575 7519 


European Sales Offices and Representatives 


European Sales Headquarters 
Harris S.A. 
Mercure Center 
Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 
FAX: 32 2 724 2205/...09 


* Field Application Assistance Available 


AUSTRIA 
Eurodis Electronics GmbH 


Lamezanstrasse 10 
A - 1232 Vienna 
TEL: 43 1 61062-0 
FAX: 43 1 610625 


DENMARK 
Deico AS 
Titangade 15 
DK - 2200 Copenhagen N 
TEL: 45 35 82 12 00 
FAX: 45 35 82 12 05 
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FINLAND 
J. Havulinna & Son 
Reinikkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 
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European Sales Offices and Representatives (Continued) 


FRANCE 
Harris Semiconducteurs SARL 
* 2-4, Avenue de l'Europe 
F - 78941 Velizy Cedex 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 139 46 40 54 


GERMANY 
Harris Semiconductor GmbH 
* Putzbrunnerstrasse 69 
D-81739 Miinchen 
TEL: 49 89 63813-0 
FAX: 49 89 6377891 


Harris Semiconductor GmbH 
Kieler Strasse 55-59 

D-25451 Quickborn 

TEL: 49 4106 50 02-04 

FAX: 49 4106 6 88 50 


Harris Semiconductor GmbH 
Wegener Strasse, 5/1 

D - 71063 Sindelfingen 

TEL: 49 7031 8 69 40 

FAX: 49 7031 87 38 49 


Ecker Michelstadt GmbH 
in den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstadt 
TEL: 49 6061 22 33 

FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 60 65 
FAX: 49 2502 18 89 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 


Hartmut Welte 
Hepbacher Strasse 11A 
D - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 


ISRAEL 
Aviv Electronics Ltd 
Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
1S - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


European Authorized Distributors 


AUSTRIA 
Avnet E2000 GmbH 
Waidhausenstrasse 19 
A - 1140 Wien 
TEL: 43 1 9112847 
FAX: 43 1 9113853 


EBV Elektronik 
Diefenbachgasse 35/6 
A- 1150 Wien 

TEL: 43 1 8941774 
FAX: 43 1 8941775 


Eurodis Electronics GmbH 
Lamezanstrasse 10 

A- 1232 Wien 

TEL: 43 1 610620 

FAX: 43 1610625 


Spoerle Electronic 
Heiligenstadter Str. 52 
A- 1190 Wien 

TEL: 43 1 31872700 
FAX: 43 1 3692273 


¢ 


BELGIUM 
Diode Belgium 

* Keiberg Il 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 

* Excelsiorlaan 35 
B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


Eurodis Texim Electronics 
* Avenue des Croix de 

Guerre 116 

B - 1120 Brussels 

TEL: 32 2 247 49 69 

FAX: 32 2 215 81 02 


DENMARK 
Avnet Nortec 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 


Ditz Schweitzer 
Valiensbaekvej 41 
Postboks 5 

DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 


FINLAND 
Avnet Nortec 


Italahdenkatu, 18 

SF - 00210 Helsinki 
TEL: 358 061 318250 
FAX: 358 069 22326 


Bexab 

Sinimaentie 10C 

P.O. Box 51 

SF - 02630 ESPOO 
TEL: 358.0.50 23 200 
FAX: 358.0.50 23 294 


* Field Application Assistance Available 


ITALY 
Harris SRL 


* Viale Fulvio Testi, 126 
1-20092 Cinisello Balsamo, 
(Milan) 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 
FAX: 39 2 262 22 687 (Disti) 
39 2 262 22 158 (ROSE) 


NETHERLANDS 
Harris Semiconductor SA 
Benelux OEM Sales Office 
Kouterstraat 6 
NL - 5345 AR Oss 
TEL: 31 4120 38561 
FAX: 31 4120 34419 


SPAIN 
Elcos S. L. 
C/Avda. Europa, 30 1 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


TURKEY 
EMPA 
Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 


FRANCE 
3D 
Z| des Glaises 
6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 


TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


Arrow Electronique 
73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis 

TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 05 96 


Avnet EMG France 

79, Rue Pierre Semard 
F-92320 Chatillon Sous Bagneux 
TEL: 33 1 49 65 25 00 

FAX: 33 1 49 65 25 39 


CCI Electronique 

5, Rue Marcellin Berthelot 
Zone Industrielle D'Antony 
BP 92 

F - 92164 Antony Cedex 
TEL: 33 1 46 74 47 00 
FAX: 33 1 40 96 92 26 
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UNITED KINGDOM 


Harris Semiconductor Ltd 


* Riverside Way 


Camberley 

Surrey GU15 3YQ 
TEL: 44 276 686 886 
FAX: 44 276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 


Comtech House 

Redgate Road 

South Lancashire Indust. Estate 
Ashton-in-Makerfield 

Wigan WN4 8DT 

TEL: 44 942 274731 

FAX: 44 942 274732 


Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 555 751566 
FAX: 44 555 751562 


Harris Semiconductor 
Chip Distributors 


Edgetek/Rood Tech 
Za! De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 


Elmo 

Z. A. De La Tuilerie 

B. P. 1077 

78204 Mantes-La-Jolie 
TEL: 33 1 34 77 16 16 
FAX: 33 1 34 77 95 79 
TWX: 699737 


Hybritech CM (HCM) 

7, Avenue Juliot Curie 

F - 17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 

FAX: 33 46 45 04 44 

TWX: 793034 


EASTERN COUNTRIES 


HEV GmbH 
Alexanderplatz 6 

D - 10178 Berlin 
TEL: 49 30 2483400 
FAX: 49 30 2483424 


European Authorized Distributors (Continued) 


GERMANY 
Avnet/E2000 


Stahligruberring, 12 
D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


EBV Elektronik GmbH 
Hans-Pinsel-Strasse 4 

D - 85540 Haar-bei-Munchen 
TEL: 49 89 45610-0 

FAX: 49 89 464488 


Eurodis Enatechnik 
Electronics GmbH 
Pascalkehre, 1 

D - 25451 Quickborn 
P.B. 1240 

D - 25443 Quickborn 
TEL: 49 4106 701-0 
FAX: 49 4106 701 268 


Indeg Industrie Elektronik 
Emil Kommerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 9 40 65 

FAX: 49 6331 9 40 64 


Sasco Semiconductor 
GmbH 

Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Munchen 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL: 49 6103 3 04-0 
FAX: 49 6106 3 04-201 


+ 


GREECE 
Semicon Co. 
104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 
Aviv Electronics 
Hayetzira Street 4, Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


ITALY 
EBV Elektronik 
“ Via C. Frova, 34 
I - 20092 Cinisello Balsamo (MI!) 
TEL: 39 2 660 17111 
FAX: 39 2 660 17020 


Eurelettronica 

Via Enrico Fermi, 8 

1 - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


* Field Application Assistance Available 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 


Silverstar 

Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 


NETHERLANDS 

* Auriema Nederland BV 
Beatrix de Rijkweg 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX: 31 40 510255 


Diode Spoerle 

Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 3402 912 34 
FAX: 31 3402 359 24 


Diode Spoerle 

Postbus 7139 

NL - 5605 JC Eindhoven 
TEL: 31 40 54 54 30 
FAX: 31 40 53 55 40 


EBV Elektronik 
Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 

FAX: 31 3465 642 77 
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* 


NORWAY 
Avnet Nortec 
Smedsvingen 4B 
Box 123 
N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 
Amitron-Arrow 
Quinta Grande, Lote 20 
Alfragide 
P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SPAIN 
Amitron-Arrow S.A. 
Albasanz, 75 
SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 

* Calle Maria Tubau, 6 
SP - 28049 Madrid 
TEL: 34 1 358 86 08 
FAX: 34 1 358 85 60 


SWEDEN 
Avnet Nortec 
Englundavagen 7 
P.O. Box 1830 
S - 171 27 Soina 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, 10A 

S - 183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 


SWITZERLAND 
Avnet E2000 AG 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix Fur Elektronik 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 41 12 76 11 11 
FAX: 41 1 2761234 


EBV Elektronik 
Vordstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 7401090 
FAX: 41 17415110 


Eurodis Electronic AG 
Bahnstrasse 58/60 

CH - 8105 Regensdorf 
TEL: 41 1 84 33 111 
FAX: 41 1 8433 910 


Fabrimex Spoerle 
Kirchenweg 5 

CH - 8032 Zirich 
TEL: 41 1 38 68 686 
FAX: 41 1 38 32379 


* 


TURKEY 
EMPA 


Besyol Londra Asfaiti 

TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 

FAX: 90 1 599 3059 


UNITED KINGDOM 
Arrow-Jermyn Electronic 
Vestry industrial Estate 
Sevenoaks 
Kent TN14 5EU 
TEL: 44 732 743743 
FAX: 44 732 451251 


Avnet Emg 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 462 488500 

FAX: 44 462 488567 


Farnell Electronic 
Components 

Armley Road, Leeds 

West Yorkshire LS12 2QQ 
TEL: 44 532 790101 

FAX: 44 532 633404 


Farnell Electronic 
Services 

Edinburgh Way. 
Harlow 

Essex CM20 2DE 
TEL: 44 279 626777 
FAX: 44 279 441687 
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Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 
TEL: 44 628 76176 
FAX: 44 628 783799 


Thame Components 

Thame Park Rd. 

Thame, Oxfordshire OX9 3UQ 
TEL: 44 844 261188 

FAX: 44 844 261681 


Harris Semiconductor 


Chip Distributors 
Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


South African 
Authorized Distributor 
TRANSVAAL 

Allied Electronic Components 

10, Skietlood Street 

Isando, Ext. 3, 1600 

P.O. Box 69 

Isando, 1600 

TEL: 27 11 392 3804/. . .19 

FAX: 27 11 974 9625 

FAX: 27 11 974 9683 


Asian Pacific 
Sales Offices and 
Representatives 


NORTH ASIA 
Sales Headquarters 


Harris K.K. 
Kojimachi-Nakata Bidg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 
FAX: (81) 3-3265-7575 
SOUTH ASIA 
Sales Headquarters 


HONG KON 
Harris Semiconductor H.K. Ltd. 


13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: (852) 723-6339 
FAX: (852) 739-8946 
TLX: 78043645 


AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 
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Asian Pacific Sales Offices and Representatives (Continued) 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 


KOREA 
Harris Semiconductor YH 
RM #419-1 
Korea Air Terminal Bidg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 


Inhwa Company, Ltd. 
Room #305 

Daegyo Bidg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 

TEL: 822-279-3614 

FAX: 822-272-6496 


PHILIPPINES 
Intergral Silicon Solution, Inc. 


6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 

TEL: 632-786652 

FAX: 632-786731 


SINGAPORE 


Harris Semiconductor Pte Ltd. 


105 Boon Keng Road 
#01-18/19 Singapore 1233 
TEL: (65) 291-0203 

FAX: (65) 293-4301 

TLX: RS36460 RCASIN 


Asian Pacific Authorized Distributors 


AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


CHINA 
Means Come Ltd. 
Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Hom, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 


Sunnice Electronics Co., Ltd. 


Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 

TEL: (852) 790-8073 

FAX: (852) 763-5477 


HONG KONG 
Array Electronics Limited 
24/F., Wyler Centre 
Phase 2 
200 Tai Lin Pai Road 
Kwai Chung 
New Territories, H.K. 
TEL: (852) 418-3700 
FAX: (852) 481-5872 


Inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 

New Territories 

TEL: (852) 410-6555 
FAX: (852) 401-2497 
Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 
Hi-Tech Ind. Centre 

5-12 Pak Tin Par St., 
Tsuen Wan 

New Territories, H.K. 
TEL: (852) 499-3109 
FAX: (852) 417-0961 


* Field Application Assistance Available 


JAPAN 


Hakuto Co., Ltd. 

1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 

FAX: 81-3-3355-7680 
Jepico Corp. 

Shinjuku Daiichi Seimei Bidg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 

FAX: 03-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 045-939-6116 

FAX: 045-939-6117 


Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 03-3317-9911 

FAX: 03-3317-9917 


Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 

2-3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 03-3564-6871 

FAX: 03-3564-6870 


Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 

Shinjuku-ku, Tokyo 160 

TEL: 03-3355-6696 

FAX: 03-3357-5034 


KOREA 


KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 

TEL: 822-279-3614 

FAX: 822-272-6496 


GS Technology Pte, Ltd. 
Block 5073 #02-1656 

Ang Mo Kio Industrial Park 2 
Singapore 2056 

TEL: (65) 483-2920 

FAX: (65) 483-2930 


TAIWAN 


Harris Semiconductor 
Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 

TEL: (886) 2-716-9310 

FAX: 886-2-715-3029 

TLX: 78525174 


Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 


Inhwa Company, Ltd. 
Room #305 

Daegyo Blidg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


NEW ZEALAND 


Components and 
Instrumentation NZ, Ltd. 
19 Pretoria Street 

Lower Hutt 

P.O. Box 38-099 
Wellington 

TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


PHILIPPINES 


Intergral Silicon Solution, Inc. 
6th Floor Peakson Bidg 

1505 Princeton Street 

Cor. Shaw Bldg. 

Mandauyong 

TEL: 632-786652 

FAX: 632-786731 


SINGAPORE 
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B.B.S Electronics Pte, Ltd. 
1 Genting Link 

#05-03 Perfect Indust. Bldg. 
Singapore 1334 

TEL: (65) 748-8400 

FAX: (65) 748-8466 


Device Electronics Pte, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 

TEL: (65) 288-6455 

FAX: (65) 287-9197 


December 1994 


Applied Component Tech. 
Corp. 

8F No. 233-1 

Pao-Chia Road 

Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 

FAX: 886 2 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: 886-2-708-7901 


TECO Enterprise Co., Ltd. 
10FL., No. 292 

Min-Sheng W. Rd. 

Taipei, Taiwan 

TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


Willas - Array Pte, Ltd. 
40 Jalan Pemimpin 
#04-03B Tat Ann Building 
Singapore 2057 

TEL: (65) 353-3655 

FAX: (65) 353-6153 


TAIWAN 


Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 


Applied Component 
Technology Corp. 

8F No. 233-1 

Pao-Chial Road 

Hsin Tien City, Taipei Hsein, 
Taiwan, R.O.C. 

TEL: (02) 9170858 

FAX: (02) 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: 886-2-708-7901 

TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 

TEL: (886) 2-555-9676 

FAX: (886) 2-558-6006 
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